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ACRONYMS AND ABBREVIATIONS

AC:
AEHA:

AMBRDL:

APG:
APG-AA:
APG-EA:
BBC:
Bis:
BHC:
BOD:
BZ:
cC2:

CDA:
CG:
CK:
CN:
CN:
CNB:
CNS:
COD:
COE:
CRDEC:
CS:
CS-1:
cs-2:
2,4-D:
DA:
DANC:
DBHP:
DDD:

4,4-DDD:
DDE:

4,4’-DDE:

DDT:

4,4'-DDT:

DEHP:
DM:
DMHP:
1,3-DNB:
2,4-DNT:
2,6-DNT:
DO:
DPU:
DS-2:

EA 1356

Hydrogen cyanide

U.S. Amy Environmental Health Agency

U.S. Army Medical Bioengineering Research and Development Laboratory, Fort
Detrick, Frederick, MD

Aberdeen Proving Ground

Aberdeen Proving Ground-Aberdeen Area

Aberdeen Proving Ground-Edgewood Area

An irritant (bromobenzyl cyanide), also known as CA

A simulant (bis-2-ethylhexy! hydrogen phosphite)

Benzenehexachloride

Biological oxygen demand

An incapacitating agent (3-quinuclidinyl benzilate)

s-bis(2,4,6-trichlorophenyichlor)urea, sym-dichloro-bis(2,4,6-trichlorophenyljurea or
N,N'-dichloro-bis(2,4,6-trichlorophenyl)urea

Diphenyl cyanoarsine

Phosgene

Cyanogen chloride, blood agent

Tear gas, a riot control agent (chloroacetophenone)

Cyanide

An agent mixture of 10% CN, 45% benzene, and 45% carbon tetrachioride

A mixture of chloroacetophenone, chloropicrin, and chloroform

Chemical oxygen demand

U.S. Army Corps of Engineers

U.S. Amy Chemical Research Development and Engineering Center

Tear gas, a riot control agent (O-chlorobenzylidene malononitrile)

CS blended with 5-percent silica aerogel

CS blended with a hydrophoric compound

2,4-Dichlorophenoxyacetic acid, an herbicide

Diphenyl chloroarsine

Decontaminating Agent, noncorrosive; an organic-based decontaminant

A simulant (dibutyl hydrogen phosphite)

Dichlorodiphenyldichloroethane, similar to DDT, also known as tetrachlorodi-
phenylethane, TDE, and 1,1-dichloro-2,2-bis(parachlorophenyl)ethane

See DDD

Dichiorodiphenyldichloroethene, a degradation product of DDT

See DDE

Dichlorodiphenyltrichloroethane, an insecticide

See DDT

A simulant (chemical name not available; possibly Diethyl hydrogen phosphite)

Adamsite, a vomiting agent (diphenylamino-chloroarsine)

A simulant (dimethyl hydrogen phosphite)

1,3-Dinitrobenzene, used in organic synthesis of dyes and munitions

2,4-Dinitrotoluene, an explosive

2,6-Dinitrotoluene, an explosive

Dissoived oxygen

Sym-diphenylurea

An organic-based decontaminant, contains 70% diethylenetriamine, 28%
2-methoxyethanol, and 2% sodium hydroxide

An organophosphorus nerve agent




ACRONYMS AND ABBREVIATIONS
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EA 3834:
EA 3528:
EA 3990:
EDA:
EPG:

EPA:
FEMA:
FM:
FS:
GA:
GB:
GC/MS:
GD:

H:

HC:
HCA:
HCN:
HD:
HE:
HF:
HGA:
HMX:
HTH:
IMPA:
IRFMA.:
L:
LCqy:

LEL:

LO:

MCL:
MIPK:

NO,:

NO;:
1,1,1,2-PCA:
PAH:

PCB:
PETN:
PPE:

PS:

PVC:

PWP:
RCRA:
RDX:

RFA:

RFI:

SO,

STB:

An incapacitating agent (no common or chemical name available)

An incapacitating agent (no common or chemical name availabie)

A nerve agent (no common or chemical name available)

A simulant (ethylenediamine)

Edgewood Proving Ground, an organization which operated for a period in the
1940's or 1950;'s and was later incorporated into Edgewood Arsenal

U.S. Environmental Protection Agency

Federal Emergency Management Agency

Titanium tetrachloride

A screening smoke (Sulfur trioxide and chilorosulfonic acid)

The nerve agent Tabun (ethyl N, N-dimethyl phosphoroamidocyanidate)

The nerve agent Sarin (isopropy! methyl phosphonofluoridate)

Gas chromatography/mass spectometry

The nerve agent Soman (pinacolyl methyl phosphonofiuoridate)

Mustard

Smoke mixtures containing hexachloroethane

Hexachloroethane

Hydrogen cyanide, a hydrolysis product of G-type agents

Distilled mustard, a blister agent (bis[2-chioroethy!]sulfide)

High explosive

Hydrogen fluoride, a hydrolysis product of G-type agents

Hydrogeologic Assessment

Cyclotetramethylenetetranitramine, a munition

Calcium hypochlorite, used as a chemical decontaminant

Isopropylmethyl phosphonic acid

Inhibited red fuming nitric acid

Lewisite

Median lethal concentration

Lower explosive limit

Lewisite oxide

Maximum Contaminant Level

‘Methy! isopropyl ketone

Nitrite

Nitrate

1,1,1,2-Tetrachloroethane

Polycyclicaromatic hydrocarbon

Potychlorinated biphenyls

Pentaerythritol tetranitrate

Personal protective equipment

Chiloropicrin

Polyvinyi chloride, a plastic

Plasticized white phosphorus

Resource Conservation and Recovery Act
Cyclonite/Hexahydro-1,3,5-trinitro-1,3,4-triazine, a munition
RCRA Facility Assessment

RCRA Facility Investigation

Sulfate

Supertropical bleach, a chemical decontaminant
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SW:
SWMU:
24,5T:
TCA:
TCPU:
TDS:
TEA:
Tec Escort:
TEP: -
TEU:
TC:

1,2,3-TNB:
TNB:

TNT:
TOC:
TOF:
TOX:

TSS:
UDMH:

USATHAMA:

USAEHA:
USGS:
USTEU:
UXO:
VOC:

VX:

WP:
XXCC3:

Methy! dichloro-phosphine

Solid Waste Management Unit

2,4,5-Trichlorophenoxyacetic acid, an herbicide

2,4,6-Trichloroaniline

sym-bis(2,4,6-trichlorophenyl)urea, an intermediate in the production of CC2

Total dissolved solids

A simulant (triethyl aluminum)

See USTEU

EP tox procedure

See USTEU

Tentatively identified compounds, compounds identified during a library search of
mass spectra

1,2,3-Trinitrobenzene

1,3,5-Trinitrobenzene

2,4,6-Trinitrotoluene, an explosive

Total organic carbon

A simulant (tri[2-ethylhexyljphosphate)

Total organic halogen

Total suspended solids

Unsymmetric dimethyl hydrazine

U.S. Army Toxic and Hazardous Materials Agency

see AEHA

United States Geological Survey

U.S. Army Technical Escort Unit

Unexploded ordnance

Volatile organic compounds

A nerve agent (b-dusopropylammoethyI-mercapto—O-ethyl methyl -phosphonothioate)

White phosphorus, a screening smoke or incendiary

CC2 mixed with zinc oxide




~ CHEMICAL ELEMENT ABBREVIATIONS

Al

Sb:

Ba:

Be:
Br:

Cd.
Ca:

Cl
cr.

Cu:

Fe:

Pb:
Mg:

Hg:

Ni:

Se:

Na:

Si:

Ag:

n:

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bromine
Cadmium
Calcium
Chilorine
Chromium
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Phosphorus
Potassium
Selenium
Sodium
Silicon
Siver
Sulfur
Thallium
Zinc




1.0 INTRODUCTION

This report presents baseline risk assessments for eight priority areas of known or suspected chemical
contamination at Aberdeen Proving Ground (APG), Maryland. The report provides information on
potential adverse effects to human and ecological receptors associated with chemical contamination
at these sites under no-action (i.e., baseline) conditions. ICF Kaiser Engineers (ICF KE) and Clement
International Corporation (Clement) have prepared this baseline risk assessment under Task Order 11
of Contract DAAA15-87-008.

The eight priority areas have been identified through review of historical records and environmental
sampling by the U.S. Army and its contractors, and have been identified as areas of concern in the
Interagency Agreement (IAG) for remediation that has been negotiated between the Army and EPA-
Region 3.! The eight priority areas are as follows:

n O-Field - a former test range and ordnance disposal area that includes a chemical
munitions/hazardous waste landfill and several open-burning pits that were used for
the disposal of chemical agents and other hazardous materials;

[ J-Field - an open burning/open detonation (OB/OD) area used for disposal of toxic
chemical agents, white phosphorus, and organic solvents;

= Canal Creek - a watershed (including extensive wetlands) that encompasses the
majority of APG's former chemical agent, smoke/incendiary, and protective-clothing
manufacturing operations, and includes more than 30 potential contamination source
areas;

s Carroll island - a former test range used for open-air testing of nerve agents,
incapacitating agents (e.g., tear agents), and smoke and incendiary munitions;
several former open-burning areas, test sites, and possible disposal pits have been
identified in this area;

" Graces Quarters - an additional open-air testing area for munitions and chemical
agents that also contains several potential hazardous waste burial pits and open-
buming areas;

= Nike Site - the location of school fields used by the U.S. Army Chemical School for
training in chemical warfare activities and a former Nike Ajax and Hercules ballistic
missile site (including launch and control areas) that contains areas of suspected
waste disposal, leaking fuel storage tanks, and known groundwater contamination;

[ Michaelsville Landfill - a sanitary landfill suspected to contain paint sludges, metals,
pesticides, PCBs, and other hazardous wastes; and

The IAG divides APG into 13 areas of concemn to be addressed under the CERCLA remedial
action program. These 13 areas encompass more than 700 potential sources of contamination (or
solid waste management units [SWMUs]) previously identified under the facility’s RCRA corrective
action program. The areas of concemn that are not addressed in this baseline risk assessment: (1)
Westwood; (2) Bush River Areas; (3) other Edgewood Areas; (4) other Aberdeen Areas; and (5) White
Phosphorus Disposal Area.
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[ ] Phillips Army Airfield Study Area - an area that includes a sanitary/construction-debris
landfill and several other potential disposal sites, including open-burning areas and
‘grease pits* used for disposal of food wastes, petroleum products, and transformer
fluids containing PCBs.

The first six of the above-mentioned sites are located within the Edgewood Area of APG (formerly
known as Edgewood Arsenal), which encompasses the Gunpowder Neck peninsula and the Carroll
Island/Graces Quarters areas. Michaelsville Landfill and the Phillips Army Airfield Study Area are
located in the Aberdeen Area of APG.

1.1 PURPOSE AND SCOPE

The baseline risk assessments are intended to evaluate potential risks to human and ecological
receptors resuling from chemical contamination at the eight priority sites outlined above, under
baseline or no-action conditions (i.e., in the absence of any remediation, including active cleanup
measures and any institutional/access controls other than those that are in place at the present time).
The risk assessments are intended to meet the requirements of the National Contingency Plan (NCP)
(EPA 1990 for the evaluation of baseline conditions at uncontrolled hazardous waste sites, and have
been performed according to the most recent EPA guidance regarding human heatth and ecological
assessments.

The purpose of the baseline risk assessments is to identify the chemicals of concem, principal
exposure pathways, and receptors of greatest potential concern at each of the sites and to
characterize risks. Risks will be quantified, if possible, for pathways and receptors of potential
concem, so that the need for remediation can be determined, and, if necessary, site-specific targets
for remediation can be established. With the very large number of potential contamination sources,
complex environmental settings, and wide variety of hazardous chemicals present at APG, another
important feature of the baseline risk assessments is that they also may be used qualitatively to
identify the site conditions (chemicals, exposure pathways, receptors) of greatest potential concemn, so
that subsequent studies, investigations, and cleanup measures can be focused in these areas. This
aspect of the risk assessment is considered especially critica!l for APG, in that more than 700
individual areas that may represent potential contamination sources have been identified and overall
cleanup costs are likely to be extremely high. Therefore, a generally applicable and consistent
methodology based on scientific principles is required to ensure that limited resources are focused in
areas where risks are most severe and remediation efforts are likely to provide the greatest overail
benefits. =

The scope of the APG baseline risk assessments is broad compared to many no-action evaluations at
Superfund sites, mainly because of the highly complex disposal site characteristics and environmental
settings at the installation. The following risk scenarios have been included in our analysis:

] Chronic human heatth risks related to chemical exposures based on both carcinogenic and
noncarcinogenic effects;

[ Acute and chronic risks to aquatic receptors, including benthic organisms, species at the
primary productivity level, and free-swimming species at all trophic levels (including
population effects);

] A limited evaluation of possible risks to terrestrial species related to direct or food-chain
exposures to site chemicals; and
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a Potential acute risks 1o human and ecological receptors related to catastrophic' events (e.g.,
spontaneous detonation of chemical agent-filled munitions) that could occur at some sites
(e.g., Old O-Field).

Although the risk assessments address a wide range of potential adverse effects, it should be
stressed that they are based in most instances on limited and incomplete chemical data and site
characterization information, and are therefore subject to many limitations and uncertainties. Thus, the
baseline risk assessments are intended primarily as an initial step in the overall risk assessment
process at APG, with subsequent efforts to be focused on direct methods for evaluating adverse
effects (e.g., biota sampling bioassays, population studies). Specific limitations related to the baseline
assessments are outlined in the following subsection.

1.2 LIMITATIONS

The baseline risk assessments presented in this report are based entirely on existing data for the eight
priority areas, gathered during hydrogeologic assessments (HGAs), RCRA facility assessments (RFAs),
and other investigations conducted by the APG Directorate of Safety, Health, and Environment (APG-
DSHE), U.S. Army Toxic and Hazardous Materials Agency (USATHAMA), U.S. Army Environmental
Hygiene Agency (USAEHA), U.S. Amy Corps of Engineers-Waterways Experiment Station (WES), U.S.
Geological Survey (USGS), and private contractors employed by these agencies. No environmental
sampling has been conducted directly in support of this risk assessment by ICF KE, Ciement, or any
of the agencies mentioned above. .

The reliance on existing data has limited the baseline risk assessments to some extent in that
exposure pathways at most sites tend to be complex, involving contaminant migration and transport
across several environmental media to a potential exposure point (e.g., groundwater transport to
surface water, resulting in exposure of aquatic organisms), and complete data to evaluate these
complex pathways is often lacking. For example, sites for which HGAs have been conducted typically
have extensive groundwater data but are lacking adequate surface water to evaluate contaminated
groundwater discharge to nearby surface water bodies and wetlands (a common feature of many APG
sites). Evaluation of risks based on limited surface water data introduces considerable uncertainty into
the estimates of risk.

Several additional factors associated with data adequacy and completeness limit the baseline risk
assessments. These factors include the following:

] Chemical data used in the baseline risk assessments have been gathered by
numerous agencies using widely varying analytical methods and quality assurance
protocols. Moreover, data have not been compiled and stored in a consistent format;
therefore, much of the original quality of some data sets resuiting from the analysis of
trip blanks, matrix spike, and other QA samples has been lost. The data quality and
reliability varies widely from one area to another, which in turn contributes greatly to
the uncertainty of risk assessment conclusions reached for some areas (This problem
is discussed in much greater detail in Chapter 3 of this report -- Data Sources, Data
Management, and Quality Assurance).
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®.  Chemical analyses have not completely addressed the full range of contaminants that
may be present in nearly all areas. This problem is especially difficutt at the
Edgewood Area sites, where a very wide variety of military-unique compounds related
to the production of chemical agents, munitions, smoke, and incendiary materials
may be present. Analyses for these types of compounds, which include (1) chemical
agent degradation products such as thiodiglycol and di-isopropylmethylphosphonic
acid (DIMP), (2) clothing-impregnating compounds such a bis-(2,4,6-
trichlorophenyljurea (TCPU), and (3) explosive propellant compounds such as RDX
and HMX, are very limited or completely lacking for most areas. Without additional
analyses for these compounds, it is difficutt or impossible to fully evaluate potential
risks at many sites.

L] Many sites at APG are located in complex environmental settings that encompass
tidal wetlands and ponds and other surface water bodies (including small creeks,
larger streams, and major rivers), near-shore estuarine environments, and sensitive
wildiife habitat. Many of these important environmental features are influenced
significantly by short-term physical changes that occur reguiarly (e.g., diurnal tidal
cycles) and irregularly (seasonal variations in precipitation, storm events). These
events may resutt in large-scale variations in chemical conditions at potential
exposure points as a resutt of dilution, flushing, or changes in groundwater-surface
water relationships; in addition, short-term transport mechanisms such as surface
runoft, sediment resuspension, and increased groundwater migration rates may result
in greatly increased contaminant loading over short time periods. These intermittent
*event" situations could potentially result in greatly increased risks at some sites, but
cannot be evaluated based on current data because of the lack of a time-equivalent
data set for these areas.

] Background data that can be used to evaluate naturally occurring levels of metals in
soils, sediment, and water, as well as contributions of contaminants from sources
outside the study area, are lacking for most environmental media at many of the eight
priority sites. The lack of background data greatly affects the ability to positively
identify risks attributable to site-related contamination, and to differentiate between
impacts that may be caused by contamination from APG sites versus regional
problems related to water-quality degradation in the Upper Chesapeake Bay system.

- The quantity of information and overall completeness of the data set varies widely
among the sites being considered in the baseline risk assessments. Some site data
bases include chemical analysis data for nearly the full range of environmental media
(e.g., groundwater, surtace water, soil, and sediment) whereas other sites have very
limited data for only one medium. An example of the former type of site is O-Field,
while Phillips Army Airfield is an example of the latter (limited groundwater data
[VOCs and metals) from a small number of monitoring wells). Despite the availability
of large quantities of data for some sites, no single site is considered to have a
complete data base with respect to the chemical contaminants or the environmenta!
media sampled.

Because of these major limitations, we believe that the baseline risk assessments should be
considered preliminary. They are most useful for (1) focusing additional efforts on chemicals,
exposure pathways, and receptors of greatest potential concem; and (2) directing subsequent studies
toward important data gaps (e.g., chemical analysis needs, background characterizations) that need
to be filled to evaluate risks more fully; and (3) providing a preliminary framework for ranking major
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APG sites using a risk-based approach (rather than perceived threat), so that appropriate decisions
‘ regarding remediation priorities can be made.

1.3 ORGANIZATION OF THIS REPORT
The remainder of this report is organized into 13 chapters:

. Chapter 2: Overview of Aberdeen Proving Ground provides background
information on APG with respect to physical and environmental setting, site history,
and land use.

L] Chapter 3: Data Sources, Data Management, and Quality Assurance provides an

- overview of the sources of chemical sampling data tor each of the eight study areas

and discusses the data quality and reliability of the data used in these baseline risk
assessments.

[ ] Chapter 4: Baseline Risk Assessment Methodology describes the general
methodology used to characterize human heatth and ecological risks at each of the
eight study areas.

. Chapters 5 - 12 are the baseline risk assessments for each study area. Each risk
assessment contains (1) a summary of background information for the study area
being evaluated, (2) an evaluation of chemical sampling data and selection of
chemicals for evaluation in the risk assessment, (3) a human health risk assessment,
(4) an ecological risk assessment, (5) the principal uncertainties associated with the
risk estimates, and (6) identification of additional data needed for a more complete

' evaluation of the predicted risks.

. Chapter 13: Base-wide Risk Assessment qualitatively evaluates the cumulative
ecological impacts of all eight study areas.

] Chapter 14: Summary and Conclusions provides brief synopses of the principal
results of each risk assessment and highlights the primary risk assessment data
needs. Finally, individual study areas are prioritized for further study based on the
degree of risks each poses and the completeness of the available data base.

Appendices A through E provide supporting technical information for the baseline risk assessments.
The appendices provide information on the fate and transport models used to estimate exposure
concentrations (Appendix A), human heatth toxicity of the chemicals of concem at APG (Appendix B),
ecological toxicity of the chemicals of concern at APG (Appendix C), the ecology of key receptor
species (Appendix D), and the species likely to be present at APG (Appendix E).
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2.0 OVERVIEW OF ABERDEEN PROVING GROUND

This chapter provides a general overview of the Aberdeen Proving Ground with respect to its location,
history, current mission and land use, ecology, geology, hydrology and water use, and meteorology.

2.1 LOCATION

Aberdeen Proving Ground (APG) is located in Maryland in southern Harford County and southeastern
Baltimore County on the westemn shore of the upper Chesapeake Bay (see Figure 2-1). It is bordered
to the east and south by the Chesapeake Bay; to the west by Gunpowder Falls State Park, the Tipple
Power Plant and residential areas; and to the north by the towns of Edgewood, Magnolia, Aberdeen,
and Perryman.

The instaliation is divided into two principal areas: the Edgewood Area (APG-EA) and the Aberdeen
Area (APG-AA). Six of the study areas being evaluated in this assessment are located in the
Edgewood area and two are located in the Aberdeen Area. Figure 2-2 shows the location of the eight
study areas included in this assessment.

2.2 SITE HISTORY

APG was established in 1917 as the Ordnance Proving Ground and was designated a formal military
post in 1919. Testing of ammunition and materiel and operation of training schools began at APG in
1918. Prior to World War II, activities at APG were characterized by intense research and
development, and large-scale testing of a wide variety of munitions, weapons, and materiel. Just
before and during World War I, the pace of weapons, munitions, and materiel testing increased
greatly. During the war, personnel strength at APG exceeded 30,000. Similar but smaller-scale
increases in munitions and materie! development and testing activities at APG were experienced
during the Korean and Vietnam conflicts.

Most of the military chemical warfare research, development, and related activities at APG occurred in
the Edgewood area. Specific activities at Edgewood include lab research, field testing of chemical
materie! and munitions, pilot-scale manufacturing, and production-scale chemical agent
manufacturing. Edgewood has also been a center for the storage of chemical warfare materiel and a
major receiving center for waste handling operations including low-level radiological waste.

The Aberdeen area was historically used as a testing area for weapons, aircraft, and other equipment.
Ammunitions testing for a wide variety of weapons has occurred at the Aberdeen area since 1919.
The types of munitions tested include bombs, small arms projectiles, rockets, high-explosive (HE)
ammunition, armor defeating grenades, antipersonnel mines and weapons, and incendiary and smoke
grenades. :

2.3 CURRENT MISSION AND LAND USE

APG's primary mission continues to be the testing and development of weapons, munitions, vehicles,
and a wide variety of support materiel relevant to military operations. Curmently, APG houses 13 Army
organizations including the U.S. Army Ordnance Center and School (USAOC&S), the Chemical
Research, Development and Engineering Center (CRDEC), the Army Environmental Hygiene Agency
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Figure 2-1

Aberdeen Proving Ground, Edgewood and Aberdeen Areas
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(AEHA), the U.S. Army Ballistics Research Laboratory (USABRL), and the U.S. Army Toxic and
Hazardous Materials Agency (USATHAMA).

Aside from industrial and residential areas in the Canal Creek Area of Edgewood and the northeastern
portion of the Aberdeen peninsula, much of the land at APG is relatively undeveloped. These areas
are used predominantly as testing ranges. Portions of APG also are used recreationally by active and
retired APG personnel and their families and guests. Recreational activities include hunting, trapping,
and shoreline fishing and crabbing from designated areas. Commercial and recreational fishing from
boats also is permitted qor APG personnel and the public) in all navigable waters unless an area is
restricted due to testing’. None of the inland water bodies at APG are suitable or likely to be used

for swimming either due to their size or inaccessibility (highly vegetated/steep banks). Swimming in
oft-shore waters is possible although officially prohibited by APG and enforced by patrol boats.

24 ECOLOGY

APG contains extensive woodlands, wetlands, and shoreline bordering the Chesapeake Bay and Bush
and Gunpowder Rivers. Based on data from 1985, the cover types at APG are characterized
approximately as follows: 50% forest, 34% mowed areas, 13% marsh or marsh shrub, 2% bare earth,
and 1% shrub (APG 1987). All forests on the Proving Ground are hardwood forests and represent a
transition area between the oak-pine and oak-chestnut forest regions. The forested areas are
dominated by trees varying from saplings to heavy timber. Mowed areas are dominated by a variety
of grasses and forbs, including goldenrod, aster, daisy, milkweed, and ragweed. Much of the marsh
vegetation consist primarily of herbaceous plants including grasses, sedges, cattails, Phragmites,
arrowhead, and pickerelweed, although some forested wetlands occur at APG. Marsh shrub is
dominated by shrubs such as sal beech (Baccharis halimifolia) and shrub areas are dominated by a
variety of woody shrubs.

Many different terrestrial animals are found on APG, including 39 reptile and amphibian species, over
40 mammalian species, and 121 species of birds. A complete list of the wildlife species documented
at APG isvresented in Appendix D.

White tailed deer (Odocoileus virginianus) and beaver (Castor canadensis) are two of the most
abundant large mammals at APG. Cottontail rabbits (Syivilagus floridanus) also are prevalent.
Muskrats (Oridatra zibethica), raccoons (Procyon lotor), red and grey foxes (Vulpes fulva and Urocyon
cinereoargenteus), woodchucks (Marmota monax), skunk (Mephitis mephitis), chipmunks (Tamias
striatus), gray squirrels (Sciurus carolinensis), and otters (Lutra canadensis) are found in higher
concentrations at APG than in surrounding areas.

Wild turkeys (Meleagris gallopavo) have been introduced to APG from game stocks in the last few
years and are now established. Other bird species present at APG include the endangered peregrine
falcon (Falco peregrinus) and bald eagle (Haliacetus leucocephalus).

The aquatic ecosystems of APG and the nearby aquatic systems of the Upper Chesapeake Bay
represent extremely sensitive ecological areas. Submerged aquatic vegetation along several areas of
the APG shoreline provides shelter for all ages of fish and invertebrates, as well as an important food
source for waterfowl. The upper portions of Chesapeake Bay, including many major tributaries such
as the Gunpowder and Bush Rivers, are critical spawning and nursery habitats for a number of

' The following waterways are considered navigable: Gunpowder River, Bush River,

Chesapeake Bay, Dundee Creek, Saltpeter Creek, and Hawthorn Cove.
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recreationally and commercially important fish such as striped bass (Morone saxatilis), white perch
(Morone americana), American shad (Alosa sapidissima), alewife (Alosa pseudoharengus), and
blueback herring (Alosa aestivalis). The blue crab (Callinectes sapidus) is also found in the waters in
the southern portions of APG. The freshwater habitat close to (but upstream of) APG is the only
known habitat of the endangered Maryland darter (Etheostoma sellare). A complete list of fish species
found at APG and in the surrounding waters of the upper Chesapeake Bay is provided in Appendix D.

The extensive freshwater wetiands at APG represent some of the last relatively undisturbed examples
of such ecosystems. These wetlands are important as wintering and breeding grounds for waterfow!
and as habitat for muskrat, otter, and mink (Mustela vison) as well as many other species. Marshes
are also sources of food for birds, turties, and estuarine organisms (at high tide) in that they contain
vegetation and are breeding grounds for invertebrates.

Specific information about the habitat of each study area is given in the baseline risk assessments for
each study area.

25 GEOLOGY

APG is located in the Atlantic Coastal Plain physiographic province, immediately southeast of the fall
line separating the coastal plain from crystalline rock of the Piedmont province. The surficial geology
at APG is comprised of unconsolidated fluvial sediments consisting of beds of clay, silt, sand, and
occasional gravel lenses. These unconsolidated sediments range in thickness from about 150 feet in
northern and westem areas of APG (near the fall line) to more than 600 feet in southeastern portions
of the installation. Crystalline bedrock of Precambrian to lower Paleozoic age underlies the coastal
plain sediments and consists chiefly of schist, gneiss, gabbro, granite, marble, and quartzite.

The geologic formations within APG (from oldest to youngest) are the Potomac group, Talbot
formation, and the recent alluvium. The Potomac group is of the Cretaceous age and its three
divisions, Patuxent, Arundel, and Patapsco, line the drainage ways of APG and are often mapped
together due to their lithographic similarities. This group consists of interbedded gravel, sand, silts
and clays. It is generally gravelly at the base, clayey in the middle, and sandy to clayey at the top;
although the thickness and lateral extent of zones are widely variable. Coarser material such as
sandy grave! occurs as discrete channel fills. The Talbot formation of the Pleistocene series and the
alluvium of Recent age occur throughout most of APG. The Talbot formation covers higher ground
whereas the newer alluvial deposits occur at lower elevations along the streams and shorelines.
These surficial sediments are heterogeneous, containing materials ranging from clay to boulders and
varying considerably with lateral direction. Typically, however, the formation is more gravelly at the
bottom with sand and clay found more towards the top.

Soils of APG vary in thickness and type, with three soil series found within the installation. The Elkton

and Keyport series have high runoff rates and are relatively impermeable clay soils found in low areas.
The third series, Sassafras, is more permeable and more extensive.

26 GROUNDWATER AND SURFACE WATER HYDROLOGY

Surface drainage at APG is to the Chesapeake Bay or Bush and Gunpowder River estuaries, or to
their tributary creeks. With the exception of the Nike site, all of the study areas in the Edgewood Area
drain into the Gunpowder River. The longest drainage-way is the East Branch of Canal Creek, which
eventually meets the West Branch of Canal Creek in a marshy area and flows into the Gunpowder
River. O-Field is drained by Watson Creek, which also flows into the Gunpowder River, whereas
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J-Field drains through wetlands and drainageways into Gunpowder River and the Bay. Graces
Quarters and Carroll Island drain directly or by way of tributaries into Gunpowder River and the .
Chesapeake Bay. The Nike site drains to Lauderick and Monks Creeks, which are tidal tributaries of

the Bush River. Of the Aberdeen Area study areas, both Michaelsville Landfill and Phillips Army

Airfield drain to Chesapeake Bay via Romney Creek.

The lower reaches of the Bush and Gunpowder Rivers, as well as many creeks and wetlands within
the boundaries of APG are tidally influenced, with tidal ranges varying from about 0.5 to 1.5 feet
depending on the specific location. Tidally influenced water bodies include Canal, Watson, Kings,
Lauderick, and Monks Creek in the Edgewood Area, and Romney Creek in the Aberdeen Area.

The groundwater table across APG is encountered within 6 m of the surface, and generally reflects the
topography and proximity to surface water bodies. Groundwater at APG exists in a series of
permeable zones of sand and gravel, which are for the most part isolated by silt and clay confining
layers. The setup of these layers varies considerably, and a set of formations can be part of the same
or different aquifers in different areas. The principal groundwater-bearing formation at APG is the
Patuxent formation. The Patapsco formation also has beds of sand and grave! that yield water. The
Arundel clay separates the Patapsco and Patuxent formations in the vertical sequence of coastal plain
deposits, and generally act as a confining unit at APG, exhibiting very low water yields.

Groundwater is recharged by vertical downward infittration of precipitation and is discharged via
several mechanisms. Groundwater can discharge by movement into wells (sometimes by upward
leakage), by downward leakage to lower aquifers, by lateral movement to surface water, or by
evapotranspiration. In areas located in close proximity to tidal creeks and wetlands, groundwater in
upper aquifers is sometimes tidally influenced, and exhibit periodic variations in hydraulic gradient and
flow rate. Some tidally influenced aquifers at APG may be subject to periodic reversals in
groundwater flow direction as a result of tidal effects, resulting in complex discharge-recharge
relationships with surface water bodies.

2.7 DOMESTIC AND INDUSTRIAL WATER SOURCES

Surface water has been the primary source for potable and nonpotable water for the installation since
it was established. All current sources of potable surface water are off-post and upgradient of APG,
although water from the Bush River and East Branch of Canal Creek were used during World War |.
Drinking water for the Edgewood Area is obtained from Winters Run and that for Aberdeen area from
Deer Creek.

Groundwater is the secondary source of water for APG. Historically, when surface water supplies
have not been sufficient to meet water needs, water from groundwater wells has been used for both
potabie and nonpotable water. Groundwater usage in the Edgewood area was first mentioned in a
history of World War | activities (AEHA 1989). The water from numerous wells was used for sanitary
and drinking water and for boiler feed water. The exact number of wells used during WWI is not
known, but it is possible that there were a dozen or more. During 1941 and 1942, 14 wells were
installed. Eight of these wells were not used extensively, but the remaining six were considered part
of the Edgewood area water supply system until they were found to be contaminated in 1984. At
least 100 wells have been drilled on the Aberdeen area since 1917. Many of these wells are out of
service or abandoned, athough the number of these is unknown.

There is no current use of the groundwater in the Edgewood area except for two wells in H-Field that
were once used to a limited extent for potable water in the past but are presently used only for vehicle
washing. A well was installed on Carroll Island in 1961; it was used for nonpotable water and for a
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portion of the potable water. “In addition, a hand-dug well still exists on Carroll Island and was once
used to a limited extent to obtain nonpotable water. Neither of these wells are currently in use. A
water supply well installed in 1954 exists in C-field (north of O-Field), but this well is not used currently
and has not been used in the recent past. There also is a hand-dug well still in existence at Graces
Quarters. The historical use of this well is unknown.

The City of Aberdeen and Harford County are the largest groundwater users in the area. The City of
Aberdeen has three water supply wells in the Aberdeen area, which are set in Talbot sediments at
shallow depths. Harford County has four wells located along the Aberdeen area boundary east and
northeast of the town of Perryman. These city and county wells are upgradient of the study areas
being evaluated in the risk assessment. The Aberdeen area has three standby wells in the northeast
portion of the Aberdeen area set in the deeper sediments divided from the shallow zone by a thick

clay layer.

2.8 METEOROLOGY

Because of APG's proximity to the Chesapeake Bay and Atlantic Ocean, its climate is more moderate
than inland areas, with milder winters and higher humidity. Weston (1978 in ESE 1981) summarized
the following climatological data for the years 1949-1964. These data show percent relative humidity
ranges from the mid 60s to the low 70s all year. Precipitation is somewhat constant, with a maximum
in August of 5.04 inches and a minimum in October of 2.3 inches. Average annual precipitation
ranges from 39.3 inches to 45 inches. In the winter mean daily temperature is 33.8°F but in the
summer it can go up to 75.2°F. Predominant wind direction is NW to NNW in the winter and S to
SSW in the summer. Average wind speed ranges from 6.03 mi/h in the summer to mid fall and up to
7.02-9 mi/h the rest of the year.
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3.0 DATA SOURCES AND QUALITY ASSURANCE

As noted in Chapter 1, the baseline risk assessments presented in this report are based entirely on
existing data gathered during site investigations and environmental monitoring studies performed at
APG by the U.S. Army and its contractors. Initial steps for Clement and ICF KE in the risk assessment
process involved gathering these data from all available sources; evaluating data quality with regard to
sampling and analytical factors; and compiling this information into an appropriate format for
performing the statistical analyses necessary for the risk assessment. This chapter presents an
overview of the data sources used to perform the risk assessments, and discusses quality assurance
aspects of these data, which serve as the basis for the information presented in this report.

The chapter is organized in four sections: (1) an overview of the principal data sources for the risk
assessments (i.e., the government agencies that have been involved in major data-gathering efforts at
APG); (2) a summary of previous investigations performed at the eight study areas; (3) a discussion of
quality assurance (QA) issues related to available chemical data; and (4) a summary describing QA
and data management issues for the baseline risk assessments.

3.1 DATA SOURCES

Chemical concentration data for the baseline risk assessments were gathered from four principal
sources:

= USATHAMA Installation Restoration Data Management System (IRDMS): The IRDMS
contains more than 40,000 chemical data records on APG, including information from
investigations conducted from 1975 to the present by USATHAMA, other government
agencies (e.g., USGS), and private contractors. Data are classified by environmental medium
(e.g., groundwater, soil, surface water, sediment) and location, and are linked to
hydrogeologic, geologic, and survey data files. Data generated according to USATHAMA-
certified analytical methods have been subjected to an automated IRDMS data validation
routine; however, much non-validated and potentially poor-quality information is also
contained in the APG IRDMS file.

] U.S. Geological Survey (USGS): The USGS Water Resources Division office in Towson,
Maryland, conducted hydrogeologic assessments and groundwater contamination studies at
several sites at APG during the period 1985 to 1991. Areas that have been or are currently
under investigation by USGS include Old O-Field, New O-Field, J-Field, Canal Creek, Carroll
island, and Grace's Quarters. Although some multimedia sampling has been performed by
USGS, the investigations have generally focused on hydrogeologic characterization and
groundwater quality assessment. These studies are described in greater detail in Section
3.2.

] U.S. Army Corps of Engineers Waterways Experiment Station (USAEWES): USAEWES
(located in Vicksburg, Mississippi) was the lead agency for several investigations at the
Aberdeen Area, including the Michaelsville Landfill remedial investigation (RI) and the
Aberdeen Area RCRA facility assessment (RFA).

] U.S. Army Environmental Hyaiene Agency (AEHA): AEHA performed extensive investigations
and environmental monitoring studies at APG over the period 1972-1990. AEHA has
prepared the Edgewood Area RFA, a comprehensive document containing detailed
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information on more than 700 potential contamination sources at Edgewood (including all of
the six APG-EA areas being evaluated in this risk assessment). In addition, AEHA has
conducted hydrogeologic assessments at the Nike site and Phillips Army Airfield landtfill, and
has performed numerous surface water, sediment, and biological studies at APG, including
monitoring activities in Canal, Kings, and Watson Creeks.

Section 3.2 provides a discussion of the individual studies and investigations that provided data for
the eight priority areas included in the baseline risk assessment.

3.2 SUMMARY OF PREVIOUS INVESTIGATIONS

This section presents an overview of previous investigations performed at the eight sites being
evaluated in the baseline risk assessment. It should be noted that this section is not intended to be a
comprehensive summary of every previous study performed at APG, nor does it provide a detailed
discussion of the major findings from these investigations. Rather, this summary focuses on
investigations or monitoring studies considered to be of most importance to the risk assessments, and
provides an overview of the types and quantities of information available for each site. The quality of
this information related to sampling and analytical methods and other QA factors is then discussed in
the following section.

3.2.1 O-FIELD

The major source of chemical data for the Old O-Field area and nearby Watson Creek is the USGS
Hydrogeologic Assessment (HGA) conducted from 1985 to 1989. This study focused on evaluating
local hydrogeology and groundwater quality, but also included collection of some surface water and
sediment samples from Watson Creek (the suspected discharge point for a contaminated groundwater
plume migrating from the Old O-Field source area) and the Gunpowder River, as well as very limited
subsurface soil sampling. The USGS studies at Oid O-Field (as well as other studies described in this
subsection) are summarized in Table 3-1.

In addition to the USGS study, several monitoring projects were conducted in the Old O-Field area by
AEHA, including (1) sediment sampling and a macroinventebrate species diversity study in Watson
Creek in 1987, (2) a 1985 study involving surface water and sediment sampling, fish tissue residue
analyses, and a macroinvertebrate community diversity assessment; and (3) surface water, sediment,
fish, and clam tissue sampling performed in 1978. USATHAMA also performed an investigation of
groundwater and surface water contamination at O-Field from the period 1977 to 1983; this study
involved installation of the first groundwater monitoring wells at Old O-Field and provided initial
evidence that groundwater, surface water, and sediment in the vicinity of the site were contaminated.
Both the USATHAMA investigation and the 1985 and 1987 AEHA studies (Biological Survey of Canal,
Kings, and Watson Creeks and APG Sediment Analyses, respectively) encompassed several study
areas in the Edgewood Area in addition to O-Field.

Investigations directed at characterizing chemical contamination at New O-Field have been very
limited; USGS studies that will eventually provide more information on this site are currently in the
planning stage.
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3.22 J-FIELD

A summary of previous investigations at J-Field is presented in Table 3-2. As indicated, J-Field has .
been the focus of investigations by USGS (1988-present), AEHA (1986-1989), Princeton Aqua Science

(1984), and USATHAMA (1976-1983). The majority of these efforts have involved mostly groundwater

sampling, with limited soil and surface water sampling performed by USGS, AEHA, and Princeton

Aqua Science. USATHAMA sediment sampling from 1976-1979 represents the only information

regarding this medium that has been collected during environmental investigations at the site.

3.2.3 CANAL CREEK

USGS performed a large-scale hydrogeologic and groundwater contamination study in the Canal
Creek watershed (as well as a small portion of the Kings Creek drainage) from 1986 to 1989, including
the installation of 87 monitoring wells and collection of several hundred groundwater samples. In
addition , USGS collected soil and surface water samples at 45 and 18 locations, respectively, in the
Canal Creek area (see Table 3-3). The USGS investigations represent the principal source for data
used in the baseline risk assessments. Other data sources for the Canal Creek area include the 1985
and 1987 AEHA studies described previously for O-Field; as noted, these studies included sediment,
surface water, and fish tissue analyses, as well as macoinvertebrate community diversity studies.

Environmental investigations in Canal Creek commenced with a 1957 water quality study, which was
followed up by an investigation in 1962. USATHAMA included Canal Creek in its installation-wide
investigation of APG-EA (1977-1983), and collected surface water, sediment, soil, and groundwater
samples for chemical analysis. An additional study of potential importance to the baseline risk
assessment was performed in 1980-1981 when the U.S. Army Medical Bioengineering Research and
Development Laboratory conducted an evaluation of the presence of bis(2,4,6-trichlorophenyl)urea
(TCPU) in Canal Creek (TCPU is the major component of the protective-clothing impregnating agent
CC2, which was manufactured extensively in the Canal Creek area from the 1840s to 1970s)

3.24 CARROLL ISLAND

A summary of previous investigations performed at Carroll island is presented in Table 3-4. As shown.
USGS conducted the most recent and comprehensive studies at this site, including groundwater,
soil/sediment, and surface water sampling performed from 1988 to 1990. As has been noted for other

study areas, the USGS investigation focused mainly on groundwater contamination and hydrogeologic
assessment, with limited sampling of other environmental media.

USATHAMA performed groundwater, surface water, sediment, and soil sampling at Carroll Island as
part of their APG-EA study (1977-1983); in addition ,several biological studies were performed during
the early to late 1970s by the Chemical Research, Development, and Engineering Command (CRDEC)
to determine whether open-air testing of lethal chemical agents on the island had resulted in adverse
effects to wildlife (e.g., Slack et al. 1972, Pinkham et al. 1976, Ward, 1979). These studies focused on

species distribution, diversity, and abundance in specific components of the Carroll Island ecosystem
(e.g.,reptiles, zooplankton).
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3.2.5 GRACE'S QUARTERS

USGS performed a groundwater, surface water, sediment, and soil investigation at Grace's Quarters
from 1988 to 1990 in conjunction with their work at Carroll Island. The previously described
installation-wide assessment of the Edgewood Area by USATHAMA represents the only other
environmental study performed at Grace's Quarters; this investigation included groundwater, surface
water, sediment, and soil sampling. The USGS and USATHAMA studies are summarized in Table 3-5.

3.2.6 NIKE SITE

A summary of the previous investigation at the Nike Site, a geohydrologic study performed by AEHA,
is presented in Table 3-6. This study was conducted from 1986 to 1990, and included sampling of
groundwater, surface water, standing water in missile silos, soil gas, sediment, and soil, and
encompassed both the launch and control areas. A radiation survey was also performed in both
areas. Several previous studies of the site involved record searches, aerial photography interpretation
and similar activities, but provided no site-specific chemical data for use in risk assessment.

3.2.7 MICHAELSVILLE LANDFILL

The most detailed and comprehensive source of chemical data for the Michaelsville Landfill is a recent
Rl completed by USAEWES (1988-1990). This study included groundwater, seep, surface water, soil,
soil gas (well head space sampling and methane sampling), and air sampling. Previous investigations
included installation of eight monitoring wells and collection of groundwater samples in 1980 by the
U.S. Army Corps of Engineers (COE), Baltimore District, and groundwater, seep, and surface water
monitoring from 1979 through 1987 by AEHA, the State of Maryland Department of the Environment,
and various private contractors.

Previous investigations at Michaelsville Landfill are summarized in Table 3-7.

3.2.8 PHILLIPS ARMY AIRFIELD

As indicated in Table 3-8, only very limited investigations have been performed at the Phillips site.
AEHA conducted two rounds of groundwater monitoring at 10 wells in 1988 and 1989; a previous
investigation performed by AEHA in 1984 also addressed groundwater contamination only. No soil,
sediment, or surface water sampling has been conducted at the Phillips site. Also, investigations to
date have focused strictly on the landfill area: other potential sources of contamination (e.g., *grease
pits* and open-buming areas) have not been evaluated.

3.3 QUALITY ASSURANCE

Chemical data available for the APG baseline risk assessments was compiled from numerous studies,
as outlined previously, and were collected by muttiple government agencies according to different
QA/QC protocols (e.g., USATHAMA QA requirements, EPA Contract Laboratory Program [CLP]
protocols). In addition, data were gathered from the earty 1970s through 1990, a period in which
environmental sampling and especially analytical methods became increasingly sophisticated. In
particular, detection limits for many compounds decreased several orders of magnitude, analytical
instrumentation became much more sophisticated and accurate, and QA/QC practices became more
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rigoroué, including the use of matrix and surrogate spikes, method and field blanks, and reference
standards. ’

Based on these factors, data from a study completed in 1975 is not comparable in most instances to
data collected for the same site, compound, and environmental medium in a 1989 study, not only
because of the time period that has elapsed between sampling events, but also because of analytical
and QA considerations. Thus, as an initial step in performing a QA evaluation of available data that
would potentially be used in the baseline risk assessments, ICF KE and Clement made the decision
that data collected prior to 1985 did not represent *modern® information, either in terms of
representativeness in the current time frame or with regard to acceptable analytical and QA protocols.
All data from pre-1985 studies were therefore used only as qualitative indicators of site contamination
in the risk assessments; quantitative evaluations and statistical evaluation were performed only with
information collected during or after 1985. Thus, the most recent studies by USGS, AEHA, and
USAEWES (see Section 3.2) encompass the majority of quantitative information used for the risk
assessments.

Although data from the 1985-1990 time frame were generally collected using modern analytical
methods, samples were collected and analyzed by different government agencies according to
varying QA protocols. Exact procedures and details varied among individual studies; however, in
general, USATHAMA and USGS data were collected according to the requirements of the USATHAMA
QA Plan (USATHAMA 1987), whereas USAEWES and AEHA followed EPA CLP methods and QA
requirements. Specific QA problems with each of these programs, as well as difficulties in retrieving
and utilizing data from individual studies, are described in the following subsection. ‘

3.3.1 USATHAMA IRDMS AND USGS DATA

The predominant data sources for many of the APG-EA sites (O-Field, J-Field, Canal Creek, Carroll
Island, and Grace's Quarters) are USGS studies that have been performed using USATHAMA
protocols, with samples analyzed by USATHAMA-certified CLASS program laboratories and analytical
data entered into the IRDMS. Problems that Clement has encountered with the use of these data in
the baseline risk assessments include the following:

] The USATHAMA data base does not use many of the standard EPA qualifiers for (1) analytes
for which method or field blank contamination is suspected; or (2) concentration values that
have been estimated below the laboratory’s certified reporting limit (CRL). These types of
data are typically given less weight in risk assessment because of uncertainties associated
with them; however, because no differentiation was possible, a decrease in the overall quality
of the data set must be assumed.

] Tentatively identified compounds (TICs), which are analytes not included on the standard
target compound list for a given method but identified through mass spectra library matches,
are not clearly identified in the IRDMS (i.e., it is impossible to differentiate between a target
compound and a TIC, even though there is considerably more uncertainty associated with
both the identity and concentration value of the TIC). This factor also decreases the overall
quality of the available data and adds uncertainty to the risk assessments.

(] A non-specific *Method 99* designation is used for IRDMS data that is considered suspect;
however, the non-specificity of this qualifier greatly limits its usefulness, because it can
indicate anything from gross cross-contamination to the fact that data simply were generated
by non-USATHAMA methods. This designation therefore is applied to concentration values
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that may have been generated by methods that were completely acceptable from a
substantive viewpoint, but did not meet USATHAMA protocols; conversely, some *Method 99*
information is probably highly suspect. Because the *Method 99* qualifier has been assigned
to a great deal of APG data, we were forced to incorporate this type of information into the

nsk assessments, again adding uncertainty and diminishing the overall quality of the data
set.

" Although USATHAMA maintains standard protocols for collection of samples (e.g., VOC
samples are never fittered, groundwater samples for metals analyses are always field-fitered),
these protocols are often overruled at the request of regulatory agencies or to meet project-
specific objectives. The IRDMS does not permit differentiation between total and dissolved
concentrations (i.e., unfitered and filtered samples), which are potentially very important in
risk assessment. For example, contaminants sorbed to suspended particulate matter in
surtace water are less bioavailable to many aquatic organisms, and considering these
concentrations as part of the dissolved fraction will tend to over-estimate risks.

] Duplicate and split samples are not designated in the IRDMS, again potentially diminishing
the overall quality of the APG data set.

Some USGS data used in the risk assessment (predominantly Old O-Field data and some
groundwater and surface water data for Canal Creek) was not entered into the IRDMS, but was
obtained directly from the USGS Towson office in the form of open-file reports, data reports, letter
reports, and unpublished data files. These data were generally gathered according to USATHAMA QA
protocols with some specific QA/QC information available (e.g., TICs were identified, duplicates were
identified, sampling procedures were outlined in detail); however, Ciement found that even for these
more recent and detailed data sets, some information was inevitably lost in data transfer. For
example, sample lots were no longer designated in data reports; therefore, although field and method
blank data were available, they could not be matched with specific sample sets to evaluate whether
blank contamination was significant. In addition, information on specific analytes, detection limits, and
methods was sometimes lost in translation of summarized information from hydrogeologic
investigations to a format useable for the risk assessments. Based on these problems, most recent

USGS data, even if obtained directly from the agency rather than through the IRDMS, has significant
QA uncertainties associated with it.

3.3.2 AEHA DATA

As noted in Section 3.2, AEHA studies were the primary sources of chemical data for the Nike and
Phillips Army Airfield study areas, and also provided supplementary information at nearly all of the
other areas. AEHA chemical concentration data were generated mostly using EPA methods: however,
most of these data were available to Clement only in summarized hard-copy format in reports and
appendices. For most of this information, it was difficult to determine what QA measures had been
taken, because samples had been analyzed by AEHA’s own laboratory as well as private
subcontractor laboratories, with EPA CLP protocols apparently being followed to varying degree in
different investigations. In addition, data summaries often did not identify all of the specific analytes
that-were measured, and contained little or no information on detection limits. In some instances, the
analytical methods used to obtain the data were not identified.

Overall, the AEHA data utilized in the baseline risk assessments is lacking in QA documentation and

does not provide the same level of defensible, fully validated data that would be afforded by strict
adherence to EPA CLP QA requirements. Although data quality and documentation varies among
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individual AEHA studies (with the Nike site data being most complete), many of the same problems
noted previously regarding loss of data quality during summarization (e.g., loss of biank data;
unspecified analytes, detection limits, and methods) also apply to this information.

3.3.3 USAEWES DATA

USAEWES data for the Michaelsville Landfill were generated using EPA CLP methods and were fully
validated in accordance with CLP QA protocols. These data were provided to Clement as a complete
set containing information on all detected and non-detected compounds, blank data, and QA/QC
sample analyses. The USAEWES data for Michaelsville Landfill are therefore considered to meet the
requirements of EPA Level 4 information, and are of sufficient quality for performing a baseline risk
assessment in accordance with EPA guidance.

3.4 SUMMARY

Based on the above-outlined factors, we generally believe that, although data from individual USGS
and AEHA studies and the APG IRDMS data base vary somewhat in quality, the overall data set from
these sources is substandard compared to EPA CLP-generated and validated data which would
typically be used to perform a CERCLA site risk assessment. Only the Michaelsville Landfill data set
from USAEWES represents defensible, fully validated EPA Level 4 information that would be
considered acceptable for performing a baseline risk assessment without additional caveats and
qualifiers.

The variability in data quality for most of the study areas adds greatly to the uncertainty that is already
inherent to the baseline risk assessments. Uncertainties regarding data quality generally require that
conservative assumptions be made (e.g., that methylene chloride is present in a sample because of
site-related contamination, rather than because of field blank contamination), resulting in the potential
over-estimation of risks in some instances. Thus, uncertainty factors and potentially over-conservative
assumptions related to data quality problems must be taken into account in evaluating the findings
and conclusions of the risk assessments presented in the later chapters of this report. Additional
information on QA problems, uncertainties, and data gaps for individual sites are discussed in greater
detail in the following chapters.
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4.0 BASELINE RISK ASSESSMENT METHODOLOGY

The human health and ecological assessments undertaken in this report generally follow EPA
guidance (EPA 1986a,b,c, 19883, 1989a,b,c,d, 1990) and are based entirely on the sampling data
discussed in the previous chapter. Although risks are quantitatively evaluated to the extent possible
for each of the study areas under consideration, the ability to quantify or even evaluate risks is
constrained to a large degree by the adequacy of the data supporting such estimates. For example,
many of the investigations conducted at APG study areas were focused hydrogeologic investigations
that were not designed to provide data relevant to risk assessment or to provide a systematic or
exhaustive characterization of chemical contamination in all media. Consequently, quantitative risk
estimates cannot always be made for each study area or for each medium. in these cases, risk
evaluations are limited to qualitative or semiquantitative statements of potential impacts.

Because the data available for this assessment have been collected over many years by different
groups and under varying sampling and analytical protocols, the quality of the data is variable. An
attempt has been made to compensate for the potentially differing quality of the data by using data
that have been subjected to USATHAMA validation procedures (when available) and data from more
recent studies (1985 to present). The assumption behind the latter criterion is that data from more
recent studies have been collected under the increasingly stricter protocols dictated by the regulatory
climate. Overall, the data used for this assessment are considered to be of sufficient quality to
provide preliminary estimates of risks for most study areas. Additional data and site characterization
may be needed to generate more definitive estimates of risk for most study areas.
The risk assessment for each study area consists of the following sections:

m Background Information

m Selection of Chemicals of Potential Concern’

s Human Health Risk Assessment

=» Ecological Assessment

s Uncertainties

a» Principal Data Gaps

& Summary and Conclusions

The principal steps and methodologies used for each of these sections are discussed below.

4.1 BACKGROUND INFORMATION

This section provides general background information on the study area with respect to its location,
physical setting, and history.




4.2 SELECTION OF CHEMITALS OF POTENTIAL CONCERN

The first step in a risk assessment is to collect, summarize, and analyze site data to identify the
chemicals present at the site that will be the focus of the risk assessment. Chemicals selected for
further evaluation are termed *chemicals of potential concern’ and are defined as those chemicals that
are present because of past activities at the site. Therefore, chemicals that are definitively associated
with sampling or laboratory artifacts or naturally occurring chemicals that are within background levels
are not selected as chemicals of potential concern. The procedures used to summarize available data
and to screen data for the selection of chemicals of potential concem are discussed below.

4.21 DATA SUMMARY PROCEDURES

The data used in this risk assessment were (1) derived directly from the USATHAMA database
(IRDMS) or (2) derived directly from published and unpublished study reports and project files.

The following procedures are used to summarize data for the individua! study areas:
s Data were summarized by environmental medium (e.g., groundwater, soil).

s For data summarized from study reports and files, site data were compared to blank
(laboratory, field, and trip) concentration data as available. (Blank data were not available
for all study areas.) If the detected concentration in a site-related sample is less than 10
times (for common laboratory contaminants) or 5 times (for all other compounds) the
maximum detected concentration in the corresponding blank sample, the concentration
reported for the site-related sample was rejected and not included in the risk assessment.

m Frequency of detection was calculated as the ratio of the number of detects over the

number of sample locations. Multiple samples collected from the same sample location
were not treated as independent samples.

m Concentration data from muttiple samples from the same sample location taken at
different times were averaged. If a chemical was detected in one or more sampling
rounds at a particular sample location and not in others, the average concentration for
the sample location was calculated by averaging the detected concentration(s) with one-
half of the detection limit of the nondetect(s). The value of one-half of the detection limit
was commonly assigned to nondetects for the purposes of averaging because the actual
value can be between zero and a value just below the detection limit. Split and duplicate

samples (collected at the same time) for a given sampling point were also treated in this
manner.

m Because there are varying chemical- and sample-specific detection limits, even within one
medium, samples in which a chemical was not detected were compared to the maximum
detected concentration for that chemical in a given medium to determine if one-half of the
detection limit for the nondetect should be included in calculating the average (either for
a given sample point or for a given medium). If the detection limit for a nondetect sample
was two or more times higher than the maximum detected concentration in that medium,
the sample was not included in the calculation of the average for that chemical. This was
done to prevent the average from being artificially biased upwards by high detection
limits. (There is some uncertainty associated with this approach because high detection
limits may resuh in a chemical not being observed when it was actually present [i.e., false
negatives).)
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s Data for polycyclic aromatic hydrocarbons (PAHs) were summarized separately for
carcinogenic and noncarcinogenic PAHs. The classification system developed by the
International Agency of Research on Cancer (IARC 1983) was used to classify PAHs as
carcinogenic or noncarcinogenic.

s To calculate the concentrations of carcinogenic and noncarcinogenic PAHSs, the
concentrations of each member of each class were first summed within each separate
sample to obtain total carcinogenic and total noncarcinogenic PAH concentrations for
that sample. One-half of the sample-specific detection limit was used for nondetects
when calculating the total concentration of carcinogenic and noncarcinogenic PAHs for a
given sample.

s A similar approach was used to calculate total concentrations of polychlorinated
- biphenyls (PCBs) and DDT and its metabolites.

s Tentatively identified compounds (TICs) were summarized separately from other site-
specific chemicals. TICs, which are chemicals identified during a library search of mass
spectra, were not included in the analyte list for a specified analysis but show up as
additional peaks in the laboratory analysis. Because of uncertainties regarding the
identity and concentration of TICs, these data generally were not used to make
quantitative assessments of risk. In this report, TIC data were summarized separately
from other site data and used qualitatively in the risk assessment where possible. In
those situations in which TICs were selected for quantitative evaluation, the uncertainties
associated with such an evaluation are noted.

Summary sampling data for each study area are presented by medium and by source area (as
appropriate). Summary chemical data consist of the frequency of detection, the range of
concentrations detected in site-related samples, and the range of concentrations reported in site-
related or regional background samples. Summary data are then used to select chemicals of
potential concem,

4.2.2 DATA SCREENING PROCEDURES

In selecting the chemicals of potential concem, the summary data were first screened to eliminate
chemicals that occur naturally in the environment and that are present at levels associated with
background concentrations. This determination is generally made only for inorganic chemicals only,
because few potentially hazardous organic chemicals occur naturally. The exception to this is PAHSs,
which are ubiquitous in the environment, principally as a result of incomplete combustion of organic
materials. If PAHs were present at a particular study area, their concentrations were compared to
typical background levels to determine the site-relatedness of the concentrations detected at the study
area. Organic chemicals that are not ubiquitous components of the environment were compared to
background concentrations as available but were not eliminated from evaluation in the risk
assessment.

According to EPA (1985) guidance, the Cochrans’ approximation to the Bohrans-Fisher t-test should
be used to determine whether chemical concentrations detected at the site are within or elevated
above background levels. This test was used to evaluate background concentrations for those study
areas and media where a sufficient number of samples was available (at least three upgradient and
three downgradient samples).
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if too few samples were available for statistical analyses, an inorganic chemical was considered to be
elevated above background if the maximum detected on-site concentration exceeds the range of .
detected background concentrations (if more than one background sample was available) or exceeds

the single reported background value by a factor of two. The factor of two, which is arbitrary, was

used to reflect the variability in levels of naturally occurring chemicals. The factor of two is

conservative because concentrations of naturally occurring chemicals can vary by more than an order-

of-magnitude.

it a chemical was not detected in background samples but was detected in site samples (even at a
concentration below the limit of detection achieved for the background sampie), it was assumed to be
elevated above background. This is a conservative approach that could result in chemicals being
evaluated in the risk assessment that are actually present at naturally occurring levels.

In the absence of site-specific background data (which is typical for most APG study areas and
media), local, regional, or national background levels were used. The most specific data available
were used; local data were selected preferentially over regional data, which were selected over
national data. However, use of any data that are not site specific could result in incorrect conclusions
regarding the site-relatedness of a particular chemical, especially given the potentially variable and
unique groundwater and surface water chemistry of the coastal and estuarine environment of APG.
Tables 4-1 through 4-5 present background chemical data for soil (regional data), groundwater
(national data), surface water (local data), and sediment (local and regional data).
An additional screening step was applied to inorganic chemical data to eliminate from further
evaluation chemicals known to be of low toxicity to humans and to wildlife. These low toxicity
chemicals are bromide, calcium, chloride, magnesium, nitrogen, kjeldah! nitrogen, phosphorus,
potassium, sodium, and titanium. Summaries of the human heatth toxicity of these chemicals are

presented in Appendix B. Ecological toxicity profiles for these chemicals are not provided because of
the paucity of relevant toxicity data.

After these screening steps, an additional screening step was applied if the number of organic or
inorganic chemicals of concern for an area exceeded 15. Under this step, chemicals were eliminated
from evaluation if they were detected infrequently and at low concentrations. The selection of
chemicals of concem at this screening step is discussed in the text of each risk assessment where
applicable. This further screening step was conducted to make the risk assessment for each study
area less cumbersome and to focus on the principal risks for a given study area. This screening step
is regarded as appropriate for this assessment because the primary purpose of this risk assessment is
to provide preliminary evaluations of risk to help focus additional investigations in each study area,
rather than to provide definitive characterizations of the total risk associated with a given study area.

The output of this step in the risk assessment is a list, by media, of the chemicals of potential concern
selected for evaluation for each study area. Another list was generated chemicals potentially present
at the site but not detected in the sample analyses conducted to date. This list was based on
historical waste disposal information together with information on the likely chemical fate and transport
of waste constituents. These lists were used to identify other potential exposures at the site, and to
identify potential gaps in the sampling data, either with respect to environmental media not sampled or
chemicals not included in analyses to date. Data gaps have more or less significance depending on
the potential for exposure, and therefore risks, that a particular area presents. This information was
considered in the discussion of data gaps that follows the risk assessment for each area.




18-Jan-91 SEDIMTOX

TABLE 4-1

ELEMENTS DETECTED IN SURFICIAL SOILS IN
BALTIMORE COUNTY, MARYLAND (a,b)

(Concentrations reported in mg/kg)

Chemical Concentration
Aluminum 7.0E+04
Antimony <1.00
Arsenic 6.0
Barium 500
Beryllium 2.0
Boron 20
Bromide 0.90
Calcium 1.86+03
Cobalt 20
Chromium 70
Copper 70
Fluoride 400
Iron 7.0E+04
Lead 20
Mercury 0.05
Magnesium 7.0E+03
Manganese 500
Nickel 30
Potassium 2.0E+04
Selenium 0.10
Sodium 3.0e+03
Strontium 50
Sul fur <800
Thorium 13
Tin 2.7
Titanium 5.0E+03

Zinc 1.1E+06

(a) Data from Boerngen and Shacklette (1981).
(b) Location is Rt. 45, 2 mi north of Hereford,
approximately 25 miles northwest of APG.
Soil description is yellow silt. Samples

collected September, 1972.
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SEDIMTOX

TABLE 4-2

TYPICAL CHEMICAL CONCENTRATIONS IN
GROUNDWATER NATIONWIDE (a)

(Concentration reported in ug/L)

Chemical ’ Concentration
Aluminum 100
Antimony 100
Arsenic 100
Barium 100
Beryllium 1.0
Bromide 100
Cadmium 100
Calcium 1,000,000
Chloride 1,000,000
Chromium 100
Cobalt 100
Copper 100
Fluoride 10,000
Iron 10,000
Lead 100
Magnesium 1,000,000
Manganese 100
Mercury 0.50 (b)
Nickel 100
Nitrate 10,000
Potassium 10,000
Phosphate 100
Selenium 100
Silver 1.0
Sodium 1,000,000
Sulfate 1,000,000
Thallium 1.0
Titanium 100
Tin 1.0
Vanadium 100
2Zinc 100

(2) Data from Walton (1985), except as noted. Data
are for dissolved chemical concentrations and
represent the upper end of the range of typical
background concentrations.

(b) Data from EPA (1986d).
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17-Jan-91 SWCONC

. TABLE 4-3

CONCENTRATIONS OF SELECTED INORGANIC CHEMICALS IN BACKGROUND SURFACE WATERS NEAR APG (a)

(Concentrations reported in mg/L)

Concentration Range (b)

Tributaries of Otter

Chemical Foster Branch (c) Point Creek (d) Cranberry Run (e) Across ALl Sites (f)
Calcium 1% - 14 b4 - 1N 8.5 - 10 4.4 - 14
Chloride (Total) 26 - 26 12 - 20 22 - 46 12 - 46
Fluoride 0.1 - 0.1 0.1 (g) - 0.2 0.1 ¢h) - 0.1 0.1 - 0.2
Iron (Total) 1-1 0.25 - 2.7 0.23 - 0.74 0.23 - 2.7
Iron 0.53 - 0.53 0.015 - 0.23 0.036 - 0.24 0.015 - 0.53
Magnesium 4.3 - 4.3 - 5.6 5.6 - 7.1 - 7.1
Manganese (Total) 0.1 - 0.1 0.3 - 0.7 0.3 - 0.13 0.1 - 0.7
Manganese 0.1 - 0.1 0.01 - 0.082 0.023 - 0.076 0.01 - 0.1
Nitrate and Nitrite 0.8 - 0.8 0.1 - 2.2 0.8 - 5.3 0.1 - 5.3
Potassium 3-3 1.1 - 2.5 1-2.8 1-3
Sodium 16 - 16 6.7 - 12 13 - 21 6.7 - 21
Sulfate (Total) 21 - 21 10 - 17 7-16 7-21

(a) Information obtained from the STORET database, U.S. Environmental Protection Agency, Region IIl. Received
from Charles Kanetsky, Environmental Services Division.

(b) Valgf g’? dissolved metal concentration unless otherwise noted. Total concentrations are provided when
available.

(c) Foster Branch is located just west of the western boundary of APG. Foster Branch is a tributary of the
Gunpowder River,

(d) Otter Point Creek is located north of APG and slightly north of the Town of Edgewood. Otter Point Creek
is a tributary of the Bush River.

(e) Cranberry Run is located north of the Aberdeen area of APG, slightly north of the Town of Perryman.
Cranberry Run is a tributary of Church Creek which flows into the Bush River.

' (f) Concentration range for Foster Branch, Otter Point Creek tributaries and Cranberry Run is used in this

report for background comparisons.

(g) For 1 of 11 observations the actual value is known to be less than 0.10.

(h) For 3 of 7 observations the actual value is known to be less than 0.10.
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TABLE 4-4

CONCENTRATIONS OF TRACE METALS IN
CRANBERRY RUN NEAR APG (a,b,c)

(Concentration reported in ug/L)

Chemical Concentration (d)
Aluminum <10
Antimony <1
Arsenic <1
Barium 74
Beryllium <0.5
Cadmium <1
Chromium 42
Cobalt <1
Copper 1
Lead 5
Mercury 0.1
Molybdenun <1
Nickel [
Selenium <1
Silver <1
Stronium 70
Zinc 75

(a) Information obtained from the STORET data-
base, U.S. Environmental Protection Agency,
Region 111. Received from Charles Kanetsky,
Envirormental Services Division.

(b) Trace metal concentration data were available
for only one sample location.

(c) Cranberry Run is located north of the Aberdeen
area of APG, slightly north of the Town of
Perryman. Cranberry Run is a tributary of
Church Creek which flows into the Bush River.

(d) value is the dissolved metal concentration.
Total metal concentrations not available.
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TABLE 4-5

SEDIMENT CHEMICAL CONCENTRATIONS FROM THE BUSH AND GUNPOWDER RIVERS

AND THE CHESAPEAKE BAY
(Concentrations reported in mg/kg)

Concentration Range

.........................................................................

Bush/Gunpowder

Gunpowder River Stations Chesapeake
Chemical Bush River (a,b) River (a,b) Combined (¢) Bay (d,e)
Inorganic Chemicals:
Aluminum 5.8 4.4 (f) 4.4-5.8 .-
Antimony -- -~ - 2.5-4.0
Arsenic 34-46 14-28 14-46 17-23
Cadmium 0.005-0.15 0.005-1.1 (9) 0.005-1.1 0.59-0.92
Chromium 69-69 50-60 50-69 110-200
Copper 43-45 41-43 41-45 48-65
Iron 41,000-45,000 40,000-42,000 40,000-45,000 --
Lead 42-66 46-52 42-66 68-74
Manganese 1,500-3,400 1,000-1,300 1,000-3,400 -
Mercury 0.10-0.2¢4 0.23-0.30 0.1-0.3 0.21-0.30
Nickel 54-57 37-44 37-57 56-87
Selenium -- -- -- 0.92-1.3
Silver -- - .- 0.59-0.67
Tin - -- - 3.1-7.¢
Zinc 200-220 200-200 200-220 300-400
Organic Chemicals (h):
PAH (Total) -- -- -- 3.8-6.4
Non-DDT Chlorinated Pesticides -- .- .- 0.005-0.01
DDT (Total) -- -- - 0.007-0.014
PCBs (Total) - .- - 0.09-0.12

‘ (e) Data from the Maryland Chesapeake Bay Toxicant Monitoring Program and received from the Maryland Department
of the Environment, Chesapeake Bay and Special Projects Program. Received from Richard A. Eskin.

(b) Range of concentrations at one monitoring station over two years, 1988 and 1989.
near Gum Point. Gunpowder River samples collected near Oliver Point.

(c) The concentration range for the Bush and Gunpowder River Stations is used in this report for background
comparisons. If data are not available for either of these stations, data from the Chesapeake Bay are used.

(d) Data from NOAA (1988). The data have been normalized by dividing the raw concentration in a composite by the
fractig (Il>y weight) of sediment particles in the composite which are less than &4 um in diameter (fine grained or
silt and clay).

(e) Range of concentrations from three stations located near the Chesapeake Bay Bridge and Annapolis.

(f) No data for 1989.

(g9) No data for 1988.

(h) For the NOAA data, concentrations of individual chemicals within the categories of DDT and its metabolites, PAHs,
chlorinated pesticides other than DDT, and PCBs were summed to obtain a total concentration.

Bush River samples collected

-- No data available
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4.3 HUMAN HEALTH RISK ASSESSMENT

The human health risk assessment is divided into three primary sections: exposure assessment, .
toxicity assessment, and risk characterization. The methods used to evaluate human exposure and
toxicity and to characterize risks are discussed below.

4.3.1 HUMAN EXPOSURE ASSESSMENT

An exposure assessment was conducted to identify the potential ways by which human populations
may be exposed to chemicals from the site (exposure pathways) and to provide quantitative/qualitative
estimates of those exposures.

4.3.1.1 Exposure Pathway Determination

An exposure pathway (i.e., the sequence of events leading to contact with a chemical) generally
consists of four elements:

(1) A source and mechanism of chemical release to the environment;
(2) A retention or transport medium for the released chemical;

(3) A point of potential human contact with the contaminated medium (i.e., the exposure point);
and

4 A route of exposure (e.g., inhalation).

Only complete exposure pathways are evaluated in a risk assessment. An exposure pathway is ‘
considered complete only if all the above four elements are present. As part of this analysis, the

source and fate and transport of chemicals were first considered. Then, human populations

potentially exposed to contaminated environmental media were identified based on land use

information. Potentially exposed populations can be of three general types: residential,

industrial/commercial,' and recreational. The three principal routes by which human populations can

be exposed to chemicals in environmental media are ingestion, inhalation, and dermal contact.

A list of potential exposure routes by exposure medium is presented below. This information is used
in conjunction with information on land use and potentially exposed populations to identify potential
exposure pathways for evaluation.

Groundwater

s Ingestion and/or dermal contact with chemicals in groundwater used as water supply.

1 Workers involved in remedial investigation work are not considered in this risk assessment.
Potential exposures and risks to these individuals are evaluated by the APG Health and Safety

Office for each proposed activity.
o




Surface Water
m  Ingestion and/or dermal contact with chemicals in surface water used as a water supply
or while swimming, wading, or involved in other activities that involve water contact.

Air

m Inhalation of chemicals in the vapor phase or adsorbed to particulates. Air contaminants
can originate from groundwater and surface water (vapors), or soil and sediment (dusts).

Soil/Sediment/Dust
® Ingestion and/or dermal contact with soil, sediments, or dust.
Food

= Ingestion of chemicals that have bioaccumulated in vegetation, aquatic life, game (e.g.,
deer), and/or domesticated animals (e.g, cows). )

All complete exposure pathways were evaluated either quantitatively or qualitatively in this risk
assessment unless:

m A screening analysis indicates that the exposure resulting from one pathway is much less
than that from another pathway involving the same medium at the same exposure point;

® The potential magnitude of exposure from the pathway is low based on chemical
concentration data or other factors, such as land use;

m  The probability of exposure is very low, and the potential risks associated with the
occurrence are not high (if potentially catastrophic consequences {e.g., acute lethality)
are associated with exposure, the pathway was evaluated even if the probability of
occurrence is low); or

1 The probability of exposure is very low, and the value of the resource (e.g., value of
groundwater as a drinking water source) is not high.

In evaluating potential human exposure pathways, both current and possible future land use were
considered. For many of the study areas at APG, however, there are very few ways in which human
populations could be exposed to contaminated environmental media under current land-use
conditions (i.e., there are very few complete exposure pathways). As discussed in the exposure
assessments for each study area, it is possible that the future use of some areas may differ from
current use. These possible future land-use pathways, for the most part, consist of additional worker
exposures as distinct from exposures under residential or recreational land-use scenarios. Future
residential use of APG is not considered plausible,

in selecting future land-use pathways for evaluation, the potential for groundwater to be used as a
drinking water source was evaluated according to EPA (1986e) draft guidance on groundwater
classification. In making these determinations, the quality of the uncontaminated aquifer was
considered. It is important to note, however, that groundwater associated with some study areas (in
particular, Canal Creek, O-Field, and J-Field) may be so contaminated that it is not technologically or
economically feasible to remediate these aquifers to meet drinking water standards using conventional
water treatment technologies.
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Using the criteria outlined in EPA’s (1986e) draft guidance, groundwater at each of the eight study
areas could be considered to be Class IIB groundwater. Class IIB groundwater is considered a ‘
potential source of drinking water; it is defined as groundwater that (1) can be obtained in sufficient
quantity to meet the needs of an average family (i.e., 150 galions per day); (2) has a total dissolved
solids (TDS) concentration of less than 10,000 mg/L; and (3) is of a quality that can be used without
treatment or that can be treated using methods reasonably employed by public water systems. It is
important to note that even though groundwater at APG may technically be considered a potential
drinking water source, the natural groundwater quality is generally poor. Groundwater of the area
typically contains levels of iron, manganese, chloride, and TDS well in excess of Secondary Maximum
Contaminant Levels (SMCLs) established to protect the aesthetic qualities of water, such as taste or
staining of clothing and fixtures.

Once the quality of the aquifers was determined to be acceptable, the plausibility of using the
groundwater for drinking water was evaluated, considering the location of the study area relative to
off-site groundwater use areas, historical use of groundwater from the area, and the presence of
existing water supply wells. Drinking water exposures were selected for evaluation at study areas
where there is the potential for groundwater to migrate off-site and to contaminate existing drinking
water sources (criterion 1); or where there has been historical use of groundwater and where water
supply wells still exist (criterion 2).

Hypothetical future drinking water exposures were selected for evaluation at the Nike, Phillips Army
Airfield, and Michaelsville Landfill study areas based on criterion 1 and at Carrol! Island, Graces
Quarters, and Canal Creek based on criterion 2. Where there is the potential for off-site migration and
contamination of existing drinking water supplies, residential exposure scenarios were selected for

evaluation. Where water supply wells currently exist, worker exposure scenarios were selected for
evaluation.

Drinking water exposures were not selected for evaluation for O-Field and J-Field. For these study
areas, there is no potential for groundwater to contaminate off-site drinking water supplies and no
water supply wells currently exist. Given the institutional controls at APG, as well as the institutional
knowledge of the contaminated nature of the groundwater at APG, it is extremely unlikely that new
water supply wells would be constructed in known contaminated areas.

In all cases, justification is provided for any complete exposure pathways not evaluated in the risk
assessment. Not all assessments of complete pathways performed for APG are quantitative. For
example, in cases where a complete pathway exists (i.e., chemicals are known to be present in a
medium that may be contacted by populations using that area), but the available data are not

adequate to characterize the nature and extent of contamination, a qualitative assessment was
performed.

4.3.1.2 Estimation of Exposure

In this step of the assessment, exposures (intakes) were quantified. In accordance with EPA (1989a)
recommendations, intakes were derived to represent reasonable maximum exposures (RMEs). Intakes
are typically determined in two stages; first, chemical concentrations are estimated at the potential
exposure point (exposure point concentration), and then pathway-specific intakes are calculated.

®




4.3.1.2.1 Exposure Point Concentrations

Exposure point concentrations were based on environmental monitoring data alone or in combination
with estimated values based on fate and transport modeling. in conformance with EPA (1 989a)
recommendations, the exposure point concentration used for the RME case should be the 95% upper
confidence limit (UCL) on the arithmetic mean exposure concentration over time for each chemical.
However, if the UCL on the mean exceeded the maximum detected concentration, the maximum
concentration was selected as the RME concentration, as recommended by EPA (1 989a). This
situation can occur when the variance of the data is large and the sample size is small. Recent
research by Clement (1990) indicates that applying EPA (1989a) procedures to groundwater may
result in a major overestimate of risk. These procedures are used in this document to comply with
EPA guidance. Their use should not be considered as validation of the procedure by Clement, ICF/KE
or USATHAMA,

In this assessment, a statistical procedure developed by Land (Gilbert 1987, Land 1971, 1975) was
used to estimate the 95% UCL on the arithmetic mean. This procedure assumes that the data are log-
normally distributed. The choice of this procedure is supported by studies that show environmental
contaminants to be log-normally distributed in nature (Dean 1981, Ott 1988). The equation for
calculating the 95% UCL on the arithmetic mean is presented below (Land 1971, 1975):

here: UL sy = EXP [AM + (0.5 x STD) + ((VAR X Hyggyy, /(N - 1)'7?)) (Eq. 1)
UL = 95% UCL on the arithmetic mean;
EXP = the anti-natural log of the sum of the parameters within the brackets;
AM = the arithmetic mean of the natural log transformed data;
STD = the standard deviation of the natural log transformed data;
VAR = the variance of the natural log transformed data;
H = tabular value, based on degrees of freedom and variance of the data for the 95th
percentile of the H distribution (Land 1971, 1975); and
N = sample size.

in some cases, not enough samples (i.e., fewer than three) were available to calculate the 95% UCL
on the arithmetic mean. In these cases, the maximum detected concentration of the chemical was
used as the exposure concentration for the RME case.

To calculate the arithmetic mean and 95% UCL on the arithmetic mean, nondetects were included by
using one-half of each sample-specific detection limi, in the same manner as discussed in Section
4.2, with the same check for high detection limits being applied.

4.3.1.2.2 Intakes

Before intakes for a specific population are calculated, it is necessary to determine what types of
exposures (i.e., long-term or acute) may be important. Long-term exposure to relatively low chemical
concentrations are generally of most concern at hazardous waste sites. Long-term exposures can be
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either chronic (more than 7 years exposure, EPA 1989a) or subchronic (14 days to 7 years exposure:

EPA 1989a). In some situations at APG, however, acute exposures that take place as a single event ‘
or over a day could be of concem. Considerations that determine whether an acute exposure should

be evaluated include the toxicological or other acute hazard characteristics of the chemical, the

occurrence of high concentrations of a chemical, and the potential for a large release or other acute

episode such as an explosion, as well as the expected exposure duration for the population of

concermn. Acute exposures are evaluated either qualitatively or quantitatively in this risk assessment,

depending upon the data available to support such evaluations.

Exposures are quantified by calculating chemical intakes.2 Intakes calculated for chronic exposures
are termed chronic daily intakes (CDls), and those for subchronic exposures are termed subchronic
daily intakes (SDls). Acute exposures are generally quantified in terms of a single dose or an
exposure concentration (e.g., mg/m3 in air) associated with a particular effect. Intakes are typically
expressed as the amount of a substance taken into the body per unit body weight (bw) per day, i.e.,
mg/kg-day. Intakes are averaged over a lifetime for carcinogens and over the exposure period for
noncarcinogens (EPA 1989a). This difference in averaging time relates to the currently held scientific
opinion that the mechanism of action for carcinogenic and noncarcinogenic toxicants are different
(discussed further in Section 4.3.2 below).

Three categories of variables are used to calculate intakes (EPA 1989a):
s Chemical-related variables (exposure point concentration);

®  Variables that describe the exposed population (contact rate, exposure frequency and
duration, and body weight); and

®  Assessment-determined variable (averaging time). .

To calculate the RME intake, the RME concentration for each chemical is combined with reasonable
maximum values for the other exposure parameters listed above. For this assessment, values for
these parameters were selected based on site-specific information or values provided in EPA
guidance (EPA 1989a).

A generic equation for calculating intakes is shown below.

1 - JQ(CR(ER)(ED) (Eq. 2)
(BW)(DY)(YL)

where:

| = intake (the amount of chemical at the exchange boundary {mg/kg bw-day]),

C = exposure concentration (the average concentration contacted over the exposure
period [e.g., in mg/L for aqueous solutions]),

CR

contact rate (the amount of contaminated medium contacted per unit time or
event [e.g., L/day]),

2Intakes are exposures normalized for time and body weight and are expressed as mg of
chemica/kg of body weight-day.
®




EF =  exposure frequency (days/year),

ED = exposure duration (years),

BW = average body weight (average over exposure period [kg]),

DY = days/year (365 days/year), and

YL = period over which risk is being estimated (i.e., a lifetime of 70 years for

carcinogens, or the duration of exposure [ED] for noncarcinogens) (years).

Intake, as defined above, is expressed as the amount of chemical at the exchange boundary (e.g.,
skin, lung, gut) available for absorption and is therefore not equivalent to absorbed dose, which is the
amount of chemical absorbed into the blood stream. For dermal exposures with soil or water,
however, absorbed doses are calculated incorporating factors that refiect the percentage of the
chemical that moves across the skin. The equations for estimating human intakes for each exposure
route evaluated are provided in each individual risk assessment.

4.3.2 HUMAN TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to weigh available evidence regarding the potential for the
chemicals of concern to cause adverse effects in exposed individuals and to provide, where possible,
an estimate of the relationship between the extent of exposure to a chemical and the increased
likelihood and/or severity of adverse effects. Toxicity assessments are generally conducted in two
stages: hazard assessment and dose-response evaluation. Hazard assessment is the process of
determining whether exposure to a chemical can cause an increase in the incidence or severity of a
particular adverse health effect and whether the adverse health effect is likely to occur in humans.
Dose-response evaluation is the process of quantitatively evaluating the relationship between the dose
of the chemical received and the incidence of adverse health effects in the exposed population. For
this report, the results of the hazard assessment and dose-response evaluation for each chemical of
potential concern are summarized in the toxicity profiles presented in Appendix B.

The results of the toxicity assessment are also summarized in the risk assessment for each study area
in a table of toxicity criteria for evaluating carcinogenic and noncarcinogenic health effects. it should
be noted that toxicity criteria are not available for all chemicals of potential concern selected for
assessment for each of the study areas. These chemicals are identified in each risk assessment, and
the consequences of excluding them from the risk assessment are discussed in the risk
characterization section of the risk assessments.

Toxicity criteria are provided for noncarcinogenic effects and for carcinogenic effects, the two
categories of chemical toxicity into which pollutants are separated for risk assessment purposes. This
distinction relates to the currently held scientific opinion that the mechanism of action for each
category is different. For the purpose of assessing risks associated with potential carcinogens, EPA
(19862a) has adopted the scientific position that a small number of molecular events can cause
changes in a single cell or a small number of cells that can lead to tumor formation. This is described
as a no-threshold mechanism, since there is essentially no level of exposure (i.e., a threshold) to a
carcinogen that will not result in some finite possibility of causing the disease. In the case of
chemicals exhibiting noncarcinogenic effects, however, EPA has adopted the position that organisms
have protective mechanisms that must be overcome before the toxic endpoint is manifested. For
example, if a large number of cells performs the same or similar functions, it would be necessary for
significant damage or depletion of these cells to occur before an effect could be seen. This threshold
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view holds that a range of exposures up to some finite value can be tolerated by the organism without
appreciable risk of causing adverse effects.

4.3.2.1 Heahh Effects Criteria for Potential Carcinogens

Slope factors, developed by EPA’s Health Assessment Group (HAG) for potentially carcinogenic
chemicals and expressed in units of (mg/kg-day)". are derived from the results of human
epidemiological studies or chronic animal bioassays. The animal studies must usually be conducted
using relatively high doses in order to detect possible adverse effects. Because humans are expected
to be exposed at lower doses than those used in the animal studies, the data are adjusted by using
mathematical models. The data from animal studies are typically fitted to the linearized multistage
model to obtain a dose-response curve. The 95% upper confidence limit slope of the dose-response
curve is subjected to various adjustments, and an interspecies scaling factor is applied to derive the
slope factor for humans. Thus, the actual risks associated with exposure to a potential carcinogen
that have been quantitatively evaluated based on animal data are not likely to exceed the risks
estimated using these siope factors, but they may be much lower. Dose-response data derived from
human epidemiological studies are fitted to dose-time-response curves on an ad hoc basis. These
models provide rough, but plausible, estimates of the upper limits on lifetime risk. Slope factors based
on human epidemiological data are also derived using conservative assumptions, and they too are
unlikely to underestimate risks. Therefore, while the actual risks associated with exposures to
potential carcinogens are unlikely to be higher than the risks calculated using a slope factor, they
could be considerably lower.

EPA assigns weight-of-evidence classffications to potential carcinogens. Under this system, chemicals
are classified as either Group A, Group B1, Group B2, Group C, Group D, or Group E. Group A
chemicals (human carcinogens) are agents for which there is sufficient evidence to support the causal
association between exposure to the agents in humans and cancer. Groups B1 and B2 chemicals
(probable human carcinogens) are agents for which there is limited (B1) or inadequate (B2) evidence
of carcinogenicity from human studies but for which there is sutficient evidence of carcinogenicity from
animal studies. Group C chemicals (possible human carcinogens) are agents for which there is
limited evidence of carcinogenicity in animals, and Group D chemicals (not classified as to human
carcinogenicity) are agents with inadequate human and animal evidence of carcinogenicity or for
which no data are available. Group E chemicals (evidence of noncarcinogenicity in humans) are
agents for which there is no evidence of carcinogenicity in adequate human or animal studies.

4.3.2.2 Heatth Effects Criteria for Noncarcinogens

Heatth criteria for chemicals exhibiting noncarcinogenic effects are generally developed using
reference doses (RfDs) developed by the EPA RfD Work Group or RiDs obtained from Health Effects
Assessments (HEAs). An RfD is an estimate of the daily exposure to the human population (including
sensitive subpopulations) that is likely to be without an appreciable risk of deleterious effects during a
Ifetime. RfDs, usually derived either from human studies involving work-place exposures or from
animal studies, are adjusted using uncertainty factors. An RfD provides a benchmark to which
chemical intakes may be compared. EPA has developed chronic and subchronic RfDs, both
expressed in units of mg/kg-day. EPA (1989a) recommends that chronic RfDs be used to evaluate
exposures of 7 years to a lifetime in duration and subchronic RfDs be used to evaluate exposures of 2
weeks to 7 years in duration.
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4.3.3 HUMAN RISK CHARACTERIZATION

In this final step of the risk assessment process, the exposure and toxicity information are integrated
to develop both quantitative and qualitative estimates of risk. Noncarcinogenic effects are
quantitatively characterized by comparing estimated intakes of substances with RfDs. To characterize
potential carcinogenic effects, the incremental probability that an individual will develop cancer over a
lifetime of exposure is estimated using projected intakes of chemicals and chemical-specific dose-
response information (the cancer slope factor).

An important aspect of the risk characterization process is to ensure that the assumptions used in the
exposure estimates are compatible with the assumptions used in developing the toxicity values. For
example, because slope factors are based on average lifetime exposure, exposure duration must be
expressed in those terms. In addition, for estimating potential noncarcinogenic effects, exposures 2
weeks to 7 years in duration should be compared to subchronic RfDs and those greater than seven
years to chronic RiDs. In the absence of a subchronic RfD, in accordance with EPA guidance (EPA
1989a), the chronic RfD may be used.

4.3.3.1 Carcinogenic Risks

As noted above, carcinogenic risks are estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to the potential carcinogen. This approach
is consistent with EPA’s guidance on carcinogen risk assessment (EPA 1986a). Excess lifetime
cancer risks are obtained by multiplying the chronic daily intake (CDI) of the contaminant under
consideration by its cancer slope tactor:

Excess upperbound lifetime cancer risk = CDI x SF (Eq. 3)
where
CDI = chronic daily intake of the chemical (mg/kg-day), and
SF =  cancer slope factor for the chemical (mg/kg-day).

According to EPA guidance (EPA 1989a), this is appropriate for cancer risks of less than 102 (i.e.,
probability of less than 1 in 100 of contracting cancer). When risk is greater than 102, the linear
approach described above is not valid, and risk is calculated by the following equation:

Excess upper-bound lifetime cancer risk = 1-exp(-CDI x SF) (Eq. 4)

A risk level of 10 represents the probability of 1 in 1 million that a person will contract cancer from
exposure to a potential carcinogen at a given concentration. This risk level (1 0'6) is often used by
regulatory agencies as a benchmark for determining the need for corrective action at hazardous waste
sites.

In the absence of specific information on the toxicity of a mixture of potential carcinogens, EPA
(1986¢) recommends that the estimates of risk for each carcinogen be summed to obtain the total
excess upperbound lifetime cancer risk associated with the exposure being evaluated.




4.3.3.2 Noncarcinogenic Hazards

Unlike carcinogenic effects, noncarcinogenic effects are not expressed as incidence probabilities. The
potential for noncarcinogenic effects is evaluated by comparing an exposure leve! over a specified
time period with an RfD derived for a similar exposure period. This ratio is called a hazard quotient.
(The particular methods Uised to quantify acute exposures are discussed in the individual risk
assessment for each of the eight study areas.)

In general, if the hazard quotient is less than 1 (i.e., if the daily intake is below the designated EPA
healh criterion), the chemical is considered unlikely to be associated with any adverse
noncarcinogenic heatth effects.

In the absence of specific information on the toxicity of the mixture of chemicals to be assessed or on
similar mixtures, EPA (1986¢) guidelines recommend assuming that the effects of different
components of the mixture are additive when affecting a particular organ or organ systemn. As a first
approximation of this for noncarcinogenic hazard, the hazard quotients for each individual chemical
within each scenario are summed to produce a Hazard Index (Hl):

=3 O | (Eq. 5)
RfD,
where
HI = Hazard Index;
DI, = daily intake [chronic or subchronic] for chemical i (mg/kg-day); and
RD, = reference dose for chemical i (mg/kg-day).

if the Hazard Index is less than 1, the combined intake of chemicals by the exposure route under
consideration is unlikely to pose a heatth risk. If the Hazard Index exceeds 1, the chemicals are
subdivided according to their toxicological effects (critical endpoints or target organs), and the risk for
each endpoint is considered separately (EPA 1986c¢).

4.3.3.3 Adjustment of Toxicity Values

Toxicity criteria used in risk characterization must be consistent with the route of exposure being
evaluated. For example, a toxicity value based on localized lung tumors resulting from inhalation
exposure might not be appropriate for evaluating oral or dermal exposures. Currently, the only route-
to-route extrapolation that EPA considers appropriate is the extrapolation of dermal toxicity values from
values derived for oral exposure (EPA 1989a). In evaluating dermal exposures, because the intake
estimated in the exposure assessment is the amount of the substance absorbed per kg of body
weight per day, it may be necessary to derive a toxicity value based on absorbed dose from a toxicity
value based on administered dose. Such an adjustment may also be necessary for other routes of
exposure when the toxicity value is expressed as an absorbed dose. It is also necessary to make
adjustments when the exposure medium is different for the toxicity study and the exposure situation of
concem, e.g., a toxicity study dose administered in water and an exposure situation involving
ingestion of contaminated soil.
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4.4 ECOLOGICAL ASSESSMENT

The approach used to assess potential ecological impacts is conceptually similar to that used to
assess human health risks; potentially exposed populations (receptors) are identified, and then
‘information on exposure and toxicity-is combined to derive estimates of risk. The scope of ecological
assessments is generally different from human health assessments, however, in that ecological
assessments typically focus on potential impacts in a population of organisms rather than on the
individual organism (as in human health assessments). In addition, because natural systems are
composed of a variety species, ecological assessments evaluate potential impacts in numerous
species instead of a single species (as in human health assessments).

Ideally, ecological assessments should evaluate risks to communities and ecosystems, as well as to
individual populations. However, because of the large number of species and communities present in
natural systems, such ecosystem-wide assessments are very complex, and appropriate assessment
methodologies have not yet been developed. In addition, dose-response data on community or
ecosystem responses are generally lacking. Consequently, quantitative environmental assessments in
this report are limited to the population level. Evaluations of potential impacts to communities or
ecosystems are qualitative.

The ecological assessments in this report evaluate potential impacts associated with each individual
study area. Potential cumulative impacts to the upper Chesapeake Bay region surrounding APG from
all eight study areas together are discussed in Chapter 13. However, the degree to which potential
impacts can be characterized is, highly dependent upon the data’ available to support such estimates.
For potential impacts to be estimated quantitatively, extensive data are required, including: information
regarding contaminant release, transport, and fate; characteristics of potential receptor populations
(e.g., seasonal dynamics of anadromous fish, population dynamics of terrestrial wildlife, food
preferences of key ecological receptors); and adequate supporting toxicity data for the principal
chemicals of concern. The degree to which the available data can fuffill these and other data
requirements dictates the extent to which potential ecological impacts are evaluated for each of the
eight study areas.

The approaches and methods used to evaluate ecological risks in this report are described below for
each of the principal components of the assessment process: receptor characterization, exposure
assessment, toxicity assessment, and risk characterization. It is emphasized that the ecological
assessments conducted in this report are predictive risk assessments. Comprehensive field studies of
ecological impacts have not yet been conducted at the eight study areas being evaluated. The
results of the ecological assessments conducted in this report will be useful in focusing future field
studies on the media and/or study areas where the potential for ecological impact is the greatest.

4.4.1 RECEPTOR CHARACTERIZATION

The first step in the ecological assessment process was to characterize the plant and wildiife species
and habitats that occur in the study area and to select receptor populations for evaluation. The eight
study areas at APG provide a diversity of habitats that support a wide variety of plant and animal
species. Because of this diversity, it is not feasible to assess impacts on every species potentially
affected at a particular study area. A common approach to this problem in ecological assessments is
to select “indicator® species for detailed evaluation and to assume that impacts on these species are
representative of potential impacts in other species present at the site, or attematively, are
representative of potential maximum impacts associated with the site. The selection of indicator
species is driven by several factors, including the potential for exposure (e.g., based on habitat
preferences), the sensitivity (e.g., endangered species) or susceptibility (e.g., based on foraging
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strategies) to chemical exposures, the’availability of chemical data for potential exposure media,

ecological significance (e.g., role of species in the community or in predator-prey relationships) and ‘
societal value (e.g., commercially important fish species). The "indicator species® approach was used

in this assessment to select receptor populations for evaluation.

Based on the considerations outlined above and the habitat characteristics of the eight study areas

being evaluated, the following species or species groups were selected for consideration as indicator
organisms for each of the study areas.

Terrestrial Species

® Birds - great blue heron, mallard duck, spotted sandpiper, bald eagle, peregrine falcon

& Mammals - white-tailed deer, muskrat, raccoon

Aquatic Species
®  Fish - herring, temperate bass, catfish, killifish, sunfish
®  Amphibians - green frog (principally larvae)
® Invertebrates - copepods/water fleas, aquatic insects, benthic invertebrates
@ Plants - Phytoplankton, aquatic macrophytes

The rationale for the selection of each of these species or species groups is presented in Tables 4-6
and 4-7 for terrestrial and aquatic species, respectively. All endangered species found at APG were
included on the list of potential receptor species. The group of selected receptor species does not
include terrestrial plants and soil-dwelling species because very few surface soil data are available for
the eight study areas being investigated. Camivorous mammals (e.g., mink) were not included
because they are not common in the eight study areas being investigated. Reptiles were excluded
because few toxicity data are available to evaluate potential impacts in this group of organisms. The
particular indicator species or species groups selected for evaluation at each study area depend upon
the specific habitat characteristics of the area, as well as the nature and extent of contamination. The
rationale for the selection of indicator species for a particular study area is described in the text of
each assessment. Appendix D provides detailed species profiles for the vertebrate indicator species.
Such profiles are not provided for the invertebrate or plant receptors because of the large diversity of
species in these broadly defined receptor groups.

4.4.2 EXPOSURE ASSESSMENT

After the potential receptors were determined, the pathways by which they might be exposed to
chemicals of potential concem were identified. The sources, releases, types, and locations of the
chemicals in each study area, the likely environmental fate and transport of the chemicals, and the
location and activity of receptor populations were considered in identifying the exposure pathways.

Terrestrial wildiife may be exposed to chemicals of potential concem in surface soil, surface water, and
sediment by several pathways: (1) ingestion of soil or sediment while foraging or grooming: (2)
ingestion of food (plant or animal) that has accumulated chemicals from soil, surface water, or
sediment; (3) ingestion of surface water; and (4) dermal absorption. This assessment focused on
evaluation of potential exposures via ingestion of food and ingestion of surface water. Exposures via
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ingestion of soil or sediment while foraging or grooming and dermal absorption were not evaluated
because few data are available to assess wildlife exposures via these pathways. Terrestrial wildlife
could also be exposed via inhalation to airborne chemicals, but inhalation exposures were not
evaluated in this assessment because few data are available to support wildlife exposure and toxicity
assessments for chemicals in air.

Aquatic life may be exposed to chemicals of potential concern by respiration, direct contact with water
and sediment, and ingestion of water (e.g., in filter feeders), sediments, and food containing chemicals
of potential concern. However, most available aquatic toxicity data express toxicity as a function of
concentration in the exposure medium (i.e., surface water or sediment concentration). To be
consistent with available toxicity data, exposures to aquatic life were evaluated in this assessment by
using measured or estimated surface water and sediment concentrations.

Not all potentially complete exposure pathways nor all chemicals were selected for evaluation. A
qualitative screening was conducted on all potential exposure pathways and chemicals to identify the
pathways and chemicals considered most important for characterizing the potential ecological impacts
associated with a study area. Only those pathways and chemicals that are likely to contribute
significantly to risk were evaluated further in the assessment. The rationale for the selection of
pathways for evaluation is provided in the text for each of the study areas. Selected exposure
pathways were evaluated either quantitatively or qualitatively depending upon the availability and
quality of data to support quantitative exposure estimates.

For each exposure pathway selected for quantitative evaluation, concentrations at the exposure point
were estimated, and then the receptor-specitic exposures were quantified. Exposure point
concentrations were estimated using environmental monitoring data either alone (if available and
regarded as adequate for evaluating exposures) or in conjunction with environmental fate and
transport models. i monitoring data were used, the exposure concentration is the 95% upper
confidence limit on the mean or the maximum concentration (whichever is smaller), as discussed in
Section 4.3.1.1. Bioconcentration factors (BCFs) may be used to characterize chemical accumulation
in aquatic species consumed by terrestrial wildlife receptors. Bioconcentration factors provide a
measure of the extent of chemical partitioning at equilibrium between a biological medium such as fish
tissue or plant tissue and an external medium such as water. However, such exposures were
evaluated only for those chemicals with BCFs greater than 300, focusing the assessment on those
chemicals potentially associated with the greatest ecological impact. This approach is consistent with
EPA’s (1989b) statement that BCFs greater than 300 are generally considered significant for aquatic
species.

Following estimation of exposure point concentrations, exposures were quantified for each exposure
pathway/receptor combination selected for quantitative evaluation. For terrestrial wildlife, exposure
was quantified by estimating the daily dose in mg/kg body weight for the selected receptor species.
Factors such as habitat, food preference, and home range as described in the available literature were
used to estimate exposure. For aquatic species, measured or estimated chemical concentrations in
surface water and sediment were used for exposure estimates. Total concentrations were used as
exposure concentrations for surface water.

4.4.3 TOXICITY ASSESSMENT

In the toxicity assessment, the chemicals of potential concern were characterized with respect to their
terrestrial and aquatic toxicity. Relevant toxicity data were summarized for the selected indicator
species or species groups, and toxicity criteria to be used in the assessment of impacts were derived.
The procedures used to generate toxicity criteria for terrestrial and aquatic species are summarized
below.
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4.4.3.1 Terrestrial Toxicity

For terrestrial wildlife, chronic toxicity criteria conceptually similar to human heatth RfDs were
developed. Published toxicity studies were reviewed to identify dose-response information for the
chemicals of potential concern. Toxicity studies conducted on the selected indicator species or
closely-related species (defined here as within the same genus, family, or order) were preferentially
used to develop toxicity criteria for the APG assessments under the assumption that lesser
evolutionary distance implies greater morphological and physiological similarity, which in turn implies
greater similarity in response to toxic substances. This relationship has been shown for aquatic
species (Suter et al. 1985), but the available data on terrestrial wildlife toxicity do not definitively
support nor refute such an assumption. The assumption was made here and regarded as reasonable
in the absence of additional information that defines more precisely the relationship between
taxonomic similarity and toxicant sensitivity.

To the extent possible, toxicity criteria were derived from studies that evaluated effects on
reproduction, development, or survival, as these endpoints have direct relevance to evaluation of
potential population-level impacts. Less relevant endpoints (e.g., enzyme effects, organ lesions)
generally were used only in the absence of more appropriate data or if they could be directly linked to
reproduction, development, or survival. For example, reductions in acetylcholinesterase (AChE)
activity can be linked directly to survival and would therefore be considered an appropriate endpoint
for these assessments. Data from subchronic studies (less than 90 days for terrestrial species) were
used in the absence of chronic studies.

The toxicity criteria that were developed are estimates of the dose at which no adverse effects are

likely to occur in the selected indicator species. Toxicity criteria are based on no-observed-adverse-

effect levels (NOAELSs) reported for the selected indicator species or closely related species (i.e., same

taxonomic order), if available. ‘

It a NOAEL was not available, a lowest-observed-adverse-effect leve! (LOAEL) was used as the basis
for the toxicity value. A factor of 10 (divisor) was applied 1o the LOAEL to estimate a NOAEL This
factor is an arbitrary value used to reflect the uncertainty in the estimates of the *safe* dose.
Information that would permit more precise effect-to-no-effect extrapolations was not available for
terrestrial wildiife species. A similar factor was applied in the derivation of human health RfDs, and is
regarded here as similarly appropriate for the protection of wildlife species.

i no toxicity data were available for the selected indicator species or closely related species, NOAELs
or LOAELSs reported for other terrestrial species were used to estimate toxicity in the selected indicator
species. A factor of 10 (divisor) is applied to the selected NOAEL or LOAEL to account for
interspecies variability in sensttivity if the NOAEL or LOAEL was derived from a toxicity database
containing information on only one or two species within a given class (i.e., birds or mammals). If
toxicity information was available for three or more species within a given class, no uncertainty factor
was applied, under the assumption that the available toxicity data adequately represent the range of
sensttivities exhibited by wildlife species of that class. A similar approach for evaluating wildlife toxicity
was used by Newell et al. (1987) in developing residue criteria for the protection of piscivorous wildiife
for the State of New York.

it no information was available on chronic or subchonic toxicity, acute toxicity data were used to
characterize potential wildiife toxicity. Median lethal dosages (LD5,s) are the acute toxicity values
used. Again, toxicity values from studies on the selected receptor species or taxonomically similar
species are used to develop toxicity criteria if available. In the absence of information from
appropriate species, the lowest LD, reported for other species was divided by a factor of 5 to derive
the acute toxicity criteria for this assessment (birds and mammals treated separately). In evaluating
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the potential effects of pesticides on wildlife, EPA analyzed a subset of available dose-response data
and suggested that if the estimated dose is less than one-fifth of the LD, reported for a test species,
no acute hazard can be presumed for any nonendangered wildlife species (Urban and Cook 1986).
Although a similar relationship has not been investigated for other (nonpesticide) chemical groups,
this rule was adopted for this risk assessment in the absence of more specific information regarding
acute effect-to-no-effect extrapolations for other chemical groups. Under the proposed approach, no
additional extrapolation was needed to account for interspecies variation.

4.4.3.2 Aquatic Toxicity

Toxicity for both surface water and sediment exposures was evaluated. (Toxicity values for aquatic life
were not developed for specific receptor species. They were developed instead to be protective of
the aquatic community as a whole by protecting most species [95%).) This is consistent with EPA

regulatory approaches for protection of surface water quality.

4.4.3.2.1 Surface Water Exposures

For aquatic species, federal ambient water quality criteria (AWQC) were used to assess potential
impacts. AWQC were derived to prevent unacceptable toxic effects for 95% of all families of aquatic
vertebrates (fish [and amphibians for some chemicals]), invertebrates, and plants (Stephen et al. 1985,
EPA 1986f), and therefore were regarded in this assessment as sufficiently protective of all families of
species at APG. The only case in which an AWQC was not used to evaluate potential impacts on
aquatic life is when it was developed to protect a terrestrial receptor more sensitive than aquatic life
(e.g., the mercury AWQC to protect humans, the PCB AWQC to protect piscivorous wildlife). In these
cases, toxicity values were derived for the protection of aquatic life, as described below.

Both acute and chronic AWQC were used in this assessment. AWQC have been developed for fresh
water and salt water environments, but not specifically for estuarine environments like those at APG. |f
both fresh water and salt water AWQC values were available for a particular chemical of concern, the
lower of the two values was used to evaluate potential impacts on aquatic life. This approach is
consistent with EPA (1989e) guidance. For hardness-dependent criteria, salt water criteria were used
it the hardness of the surface water being evaluated was greater than 400 mg CaCO,4/L. This is
because the equations relating toxicity to hardness generally are not valid for hardness above this
value.

For chemicals for which no AWQC have been developed, a literature review was conducted to obtain
fish, invertebrate, and plant aquatic toxicity data for the chemicals of concern. 96-Hour or 48-hour
median lethal concentrations (LC,,s) are used as acute values; no-observed-effect concentrations
(NOECs) or lowest-observed-effect concentrations (LOECs), maximum-acceptable-toxicant
concentrations (MATCs), or longer-term LCg,s were used as chronic values.

Acute and chronic aquatic toxicity criteria were developed by selecting the lowest of the acute and
chronic toxicity values reported in the literature for fish, invertebrates, and plants. An uncertainty

factor of 10 was applied to the lowest acute and chronic values to derive the toxicity criteria for this
assessment if toxicity data were available on four or fewer genera. This approach is similar to that

.

3 stephan, C. 1990. Personal communication, EPA ERL, Duluth. April 1990.
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used by EPA (1987) to derive water quality advisories.* The number derived using this approach is
conceptually similar to AWQC and is meant to provide a concentration level that is protective of the .
majority of aquatic species across all receptor groups (i.e., fish, invertebrates, and plants).

It no chronic toxicity data were available for a given chemical, chronic toxicity values were derived by
dividing the lowest LCq, by an acute-to-chronic ratio (ACR) that also takes into account interspecies
differences in sensitivity. Kenaga (1982) evaluated available acute and chronic toxicity data for fish
and aquatic invertebrates to derive an empirical relationship between acute LCy, values and chronic
MATCs. He found that the ACRs for most chemicals for fish and Dephnia (an invertebrate) are not
very different and that the ACRs for most chemicals are within one order-of-magnitude across species.
He calculated ACRs for specific chemical classes and concluded that approximately 86% of all
chemicals examined (84 total) have ACR values below 100 for all species. He found that high ACR
values (>125) were generally associated with pesticides and inorganic chemicals and were probably
due to specific mechanisms of action unique to these chemicals. He also found that industrial organic
chemicals such as halogenated aliphatics, which exhibit narcotic effects, do not produce large ACRs.
ACRs of 25 or less appear to be appropriate for predicting chronic toxicity from acute toxicity for these
chemicals. These results were supported by the work of Call et al. (1985).

Based on the results of Kenaga (1982) and Call et al. (1985) an ACR of 25 was used for iow molecular
weight non-ionizable (*neutral*) organic chemicals, and an ACR of 100 was used for all other
chemicals. This approach may overestimate MATCs (i.e., may predict an MATC that is actually an
effect level) for chemicals with unique mechanisms of action (e.g., metals, pesticides). However, this
approach is used to estimate toxicity in the absence of appropriate toxicity data for these chemicals.

It should be noted that most metals potentially of concern at the APG study areas have established
AWQC. Therefore, estimates of chronic toxicity using the above approach were not necessary,
eliminating some of the uncertainty associated with this approach. As stated above, the ACRs derived
using this approach account for interspecies variation. Therefore, additional interspecies
extrapolations were not required.

4.4.3.22 Sediment Exposures

Standards simitar to AWQC have not been developed for sediment contaminants. Several approaches
have been proposed for developing sediment criteria including the sediment triad approach
(Chapman 1986), the screening-leve! concentration approach (Neff et al. 1987 in Chapman et al.
1987), the apparent effects threshold approach (Chapman et al. 1987), and the equilibrium partitioning
approach (EPA 1988b, Shea 1988). Specific criteria have not yet been officially proposed by EPA. In
the absence of specific sediment criteria, sediment toxicity values were derived from the resutts of
laboratory and/or field studies. Acute and chronic toxicity were evaluated to the extent that data were
available. No methods have been proposed for acute-to-chronic extrapolations for sediment data, so
these types of extrapolations were not conducted in these assessments.

Because limited information is available on site-specific sediment chemistry, no extrapolations were
made on literature-derived values to correct for differences between laboratory sediment conditions
and those that may exist at the site. However, sediment characteristics such as foer PH, redox

potential, and acid-soluble sulfides can have a strong influence on the bioavailability and toxicity of
chemicals in sediment.

4 water quality advisories are derived for chemicals for which insufficient data are avaitable to

derive AWQC.
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4.4.4 RISK CHARACTERIZATION

Potential ecological impacts were characterized by comparing estimated exposures with appropriate
toxicity values. Exposures that exceed the selected toxicity values suggest that individual and
population-level impacts may be possible in the selected receptor species. Additivity of toxic effects
was evaluated for chemical groups that have similar mechanisms of action (e.g., non-ionizable organic
chemicals, phenols, PAHS). Other types of chemical interactions (i.e., synergism, antagonism) were
nct considered because of the limited data available to evaluate such interactions. As discussed
previously, quantitative evaluations of impacts were limited to the population level. The implications of
population-level impacts on community structure and function are discussed qualitatively.

4.5 UNCERTAINTIES IN THE RISK ASSESSMENT

In this section, the principal sources of uncertainty surrounding the estimates of human heatth and
environmental impact at APG are discussed. As in any risk assessment, the estimates of risks
associated with the APG study areas are not fully probabilistic (as noted by EPA 1989a). Rather,
these estimates are conditional based on a number of assumptions regarding exposure conditions
and toxicity and are often defined by risk management considerations. As a result, an evaluation of
the uncertainties associated with these assumptions is critical to placing the risk estimates in the
proper perspective. In addition, an evaluation of the uncertainties also facilitates the identification of
areas where additional data gathering can significantly improve estimates of risk and therefore the
selection of remedial atternatives.

There are uncertainties associated with each step of the risk assessment, but in practice the four
areas that are associated with the largest amount of uncertainty are:

s The selection of chemicals to be evaluated quantitatively in the risk assessment;
s The analytical data used in the risk assessment;

s The fate and transport models and assumptions used to assess human and ecological
exposures; and

s Toxicity values, both with respect to availability of these values and the sources of
uncertainty associated with the available toxicity values.

Other uncertainties are associated with the choice of exposure pathways to be evaluated in the risk
assessments, and the intake parameters (other than concentration) used to assess exposure.

These uncertainties are common to all risk assessments to a greater or lesser extent and are
discussed with respect to APG in general below. Particularly relevant sources of uncertainty
associated with each study area are discussed in more detail in the appropriate section of the risk
assessment for each study area.

4.51 UNCERTAINTIES RELATED TO THE SELECTION OF CHEMICALS FOR QUANTITATIVE
EVALUATION

There are several reasons for the uncertainties associated with the selection of chemicals to be
evaluated quantitatively in the risk assessments for the eight APG study areas. One important factor
is the limitations of the monitoring studies on which these risk assessments were based. Because
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many of the monitoring studies were focused hydrogeologic investigations, they did not necessarily
provide information on the full extent of chemical contamination in all media at a particular study area.
In other cases, although the original study plan included a more comprehensive approach for
contaminant characterization, the sampling could not be conducted for heath and safety reasons. As
a result, few study areas have adequate information on the nature or extent of surface soil
contamination, or contamination in surface water and sediment environments. Consequently, risks
associated with exposure to chemicals in these media could not be evaluated or could not be
evaluated fully.

In some cases, certain chemicals were excluded from quantitative risk evaluations, because they were
not specifically included in the chemical analyses selected for a particular medium. In these
situations, it was necessary to rely on information regarding disposal history, chemical fate and
transpon, as well as any available sampling data, to predict whether a particular chemical could be
present in a given medium. Quantitative evaluation in such situations is generally not possible, and
these chemicals were selected for qualitative evaluation only.

4.5.2 UNCERTAINTIES ASSOCIATED WITH ANALYTICAL DATA

Uncertainties associated with the analytical data also contribute to the overall uncertainties
surrounding the risk estimates for the individual APG study areas. These uncertainties can stem from
several sources, including errors inherent in analytical methods or the characteristics of the matrix
being sampled. Procedural or systematic error can be minimized by subjecting the data to a strict
laboratory quality assurance/quality control review (QA/QC) and data validation process. It was
assumed that the data obtained from the USATHAMA database (IRDMS) had received a thorough
QA/QC review and validation. However, it is not known in all cases if the data obtained directly from
study reports underwent any type of QA/QC review or data validation. Therefore, based on QA/QC
concerns, there is a greater degree of uncertainty associated with the use of data from study reports,
if the data have not been quality assured.

There is also some uncertainty associated with data obtained from IRDMS, primarily because not al! of
the analytical results of each sample were described completely. For example, IRDMS does not
differentiate between total and dissolved water concentrations or clearly identify split and duplicate
samples. Furthermore, it was not possible to determine if a compound was tentatively or positively
identified in a given sample. An attempt was made to obtain more complete information regarding the
data reported in IRDMS, but in some cases it was not possible to contact the persons who conducted
the study from which the data were derived.

4.5.3 UNCERTAINTIES ASSOCIATED WITH THE MODELS AND ASSUMPTIONS USED TO ESTIMATE
- EXPOSURES

The assumptions regarding parameters used to quantify exposure can contribute to uncertainty in
exposure estimates and the consequent estimates of risks. For example, uncertainties are associated
with assumptions of how often, if at all, an individual would come into contact with the chemicals of
concern and the period of time over which such exposures would occur. The assumptions made
regarding periods of exposure are generally conservative and may overestimate the risks associated
with potential exposure to chemicals in the various media evaluated. It also is possible that the
assumed exposure parameters could underestimate exposures in a very small segment of the
population.
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Other parameter values used in the risk assessments (€.g., ingestion of 2 liters of water per day, 70-kg
average body weight) are assumed to represent upper bounds of potential exposure and were used
when site-specific data are not available. Risks for individuals within an exposed population are higher
or lower depending on their actual drinking water intakes, body weights, etc.

4.5.4 UNCERTAINTIES ASSOCIATED WITH THE TOXICITY ASSESSMENT

The toxicity assessment also contributes to the uncertainty in the risk assessment, both because of
the lack of adequate toxicity data to develop toxicity values, and because of the uncertainty
surrounding any toxicity values that are developed.

For example, some chemicals were not included in the quantitative risk assessment because too few
data are available to assess dose-response relationships quantitatively. In other cases, toxicity values
were derived for this assessment based on the available toxicity studies, even though EPA-approved
toxicity values have not been developed. Given the limited data upon which they are based, the
toxicity values derived specifically for this assessment have a large degree of uncertainty. This
uncertainty has largely been compensated for by the use of conservative procedures in toxicity criteria
development. For the ecological assessment, the issue of toxicity information is more critical, because
in many cases there is no ecological toxicity information for many of the chemicals present at the APG
study areas.

in addition to the absence of adequate toxicity information, there are inherent uncertainties associated
with the toxicity assessment procedure in general. Toxicological data error is a large source of
uncertainty in risk assessment. EPA (1986a) noted that there are major uncertainties in extrapolating
both from animals to humans and from high to low doses. There are important species differences in
uptake, metabolism, and organ distribution of carcinogens, as well as species and strain differences in
target site susceptibility. Human populations are variable with respect to genetic factors, diet,
occupational and home environment, activity patterns, and cuttural factors.

Assessing the toxicity of a mixture of chemicals involves a great deal of uncertainty. In this
assessment, the effect of exposure to each contaminant present in the environmental media was
considered separately. These substances occur together at the site, however, and individuals may be
exposed to mixtures of the chemicals. Prediction of how these mixtures of toxicants interact must be
based on an understanding of the mechanisms of such interactions. The interactions of the individual
components of chemical mixtures may occur during absorption, distribution, metabolism, excretion, or
activity at the receptor site. Individual compounds may interact chemically, yielding a new toxic
component or causing a change in the biological availability of an existing component, or may interact
by causing different effects at different receptor sites. Suitable data are not currently available to
rigorously characterize the effects of chemical mixtures similar to those present at the various APG
study areas. Consequently, as recommended by EPA (1986c), chemicals present at APG study areas
were assumed to act additively, and potential health risks were evaluated by summing excess cancer
risks for chemicals exhibiting carcinogenic effects and calculating Hazard Indices for chemicals
exhibiting noncarcinogenic effects. This approach to assessing the risk associated with chemical
mixtures assumes that there are no synergistic or antagonistic interactions among the chemicals
considered and that all chemicals have the same toxic end points and mechanisms of action. To the
extent that these assumptions are incorrect, the actual risk could be under- or overestimated.
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4.6 PRINCIPAL DATA NEEDS

This section identifies additional data needed to evaluate more completely human heatth or ecological .
risks at each study area. For many of the APG study areas, additional data on the type and extent of
chemical contamination are needed, including:

s Site-specific background concentrations of naturally occurring inorganic chemicals;

®  Chemical analyses for the full range of chemicals that may be present at the site,
including the wide variety of military-unique compounds potentially present, such as
chemical agents and their breakdown products, munitions and related compounds, and
smoke and incendiary materials;

s Chemical analyses for all potentially contaminated media (not all media have been
sampled at all study areas); and

®  Additional samples from all media to better characterize the extent of contamination as
well as to characterize regular and irregular temporal variations in chemical contamination

levels (e.g., as a result of diurnal tidal cycles or seasonal variations in precipitation or
storm events).

4.7 SUMMARY AND CONCLUSIONS

In this section, the primary features of the risk assessment are summarized, and the principal
conclusions are presented.
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5.0 O-FIELD RISK ASSESSMENT

This chapter evaluates potential impacts on human health and the environment associated with the O-
Field study area in the absence of remedial (corrective) actions. The hydrogeologic field investigation
conducted by USGS and summarized in USGS (1988, 1989) is the primary source of sampling data
considered in this risk assessment. This study was selected for use in risk assessment because it
was the most recent and comprehensive study conducted at O-Field. Data from other studies
conducted at O-Field are briefly discussed where applicable to support evaluations of potential
exposures or risks.

These and other investigations conducted to date have not completely characterized the nature and
extent of contamination at O-Field. Therefore, this risk assessment should be considered largely
preliminary and is intended as an initial step in the overall risk assessment process for O-Field.

This assessment follows the general methodology outlined in Chapter 4 of this report, which should
be consutted for the rationale and further details of the methods used in this assessment. This
assessment is organized into eight primary sections:

Section 5.1 Background Information

Section 5.2 Selection of Chemicals of Potential Concern
Section 5.3 Human Health Risk Assessment

Section 5.4 Ecological Assessment

Section 5.5 Uncertainties

Section 5.6 Principal Data Needs

Section 5.7 Summary and Conclusions

Section 5.8 References

5.1 BACKGROUND INFORMATION

O-Field is a hazardous waste and ordnance disposal site located on the Gunpowder Neck in the
Edgewood Area of APG. The area was used for the disposal of chemical-warfare agents, munitions,
contaminated equipment, and various other hazardous waste materials during the 1940s and early
1950s. It is bounded by Watson Creek and its associated marsh to the north and east and to the
west by Watson Creek Road and the Gunpowder River (see Figure 5-1).

The O-Field study area consists of two separate areas: Old O-Field and New O-Field. Oid O-Field is a
4.5-acre, fenced site located adjacent to the southwestern portions of Watson Creek. The field is
situated on a local topographic high with a 4-6 foot relief across the field. The natural topography is
interrupted by excavations within the fenced area, including an open trench along the east side of Old
O-Field, and several partially closed pits. New O-Field occurs approximately 1,200 feet directly south
of Old O-Field and is adjacent to the marsh that borders the southwestern portion of Watson Creek.
New O-Field is not fenced. Terrain at New O-Field is relatively flat, but is interrupted by depressions
where trenches or disposal pits exist. Groundwater flow from both Old and New O-Field is generally
to the north towards Watson Creek and/or the Gunpowder River.

The disposal history at Old and New O-Field is not well known. What is known is based primarily on
testimony, limited documentation, and survey notes. Because records are largely absent and most of
the people associated with the disposal operations are deceased, it is unlikely that a significantly more
detailed disposal history can be developed without on-site sampling and investigation. Table 5-1 lists
the principal compounds believed to have been disposed of at O-Field.
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TABLE 5-1
PRINCIPAL COMPOUNDS DISPOSED OF AND/OR USED AT
O-FIELD (@)
Group Chemical Compound (Acronym) (b)
Lethal Chemical Mustard (4 or HD)

Agents Lewisite (L)
Lewisite oxide (LO)
Phosgene (CG)
Cyanogen chloride (CK)
Hydrogen cyanide (AC)
Tabun (GA)
Sarin (GB)
Soman (GD)
vX

Incapacitating Agents Adamsite (DM)
a-Chloroacetophenone (CN)
CNS
o-Chlorobenzylidene malononitrile (CS)
Chloropicrin (PS)
CNB/CNC

Smoke/Incendiary Phosphorus (WP and PWP)
Materials sulfur trioxide-chlorosulfonic acid mixture (FS)
Napalm
HC

CC2 and CC3 Impregnating 2,4,6-Trichlorophenylurea (TCPU)
Materials

Munitions Compounds 2,4,6-Trinitrotoluene (TNT)
2,4-Dinitrotoluene (2,4-DNT)
2,6-Dinitrotoluene (2,6-DNT)
RDX
HMX
Tetryl
Trinitrobenzene (TNB)
Nitromethane
Picric acid

CN Materials Acetophenone
Dichlorobenzophenone
Benzophenone

Decontaminating Agents Decontaminating agent - noncorrosive (DANC)
Calcium hydroxide

Solvents various solvents including:
Hexachloroethane (HCA) [major component of HC smoke)
1,1,2,2-Tetrachloroethane [major component of DANC)

Miscellaneous Compounds Methyl isopropyl ketone (MIPK)
Cyclohexanone
Methylcyc!tohexanone
Methylgquinoline
Quinoline
Diethylamine
Benzonitrile
Fuel oil constituents

(a) Information obtained primarily from: ICF (1987).

(b) See Glossary of Acronyms and Abbreviations for complete chemical name if not given in
this table.




Old O-Field. Since World War It, Oid O-Field has been used for the periodic disposal of waste
materials for U.S. Army operations. During the period 1942-1953, 35 pits and trenches were dug at
the field and used for the disposal of bulk chemical agents, munitions, contaminated equipment, and
miscellaneous hazardous waste. The trenches were typically 20 feet wide and ranged in length from
about 50 to 470 feet. The maximum depth of the trenches was at least 12 feet. Trenches were
unlined and uncovered during their use.

In 1948, cleanup operations aimed at destroying some of the ordnance at Old O-Field were initiated
by the Command of Technical Escort Detachment (Tec Escort). This operation included hand clearing
and detonation of 4.2-inch boosters and bursters, 4.2-inch mortars, and the open burning of napalm
and mustard. Explosions occurred periodically during the cleanup operation. One explosion exposed
a pit that was reportedly lined with solid bombs. In response to these explosions, additional cleanup
operations were inttiated. As part of these efforts, approximately 1,000 drums of DANC
(Decontaminating Agent Non-Corrosive) were dumped on the field possibly resutting in the release of
up to 300,000 kg of 1,1,2,2-tetrachloroethane at the site (ICF 1987).

Some DANC and unknown quantities of lime (calcium hydroxide) were dispersed onto surrounding
trees using TNT in an attempt to decontaminate mustard that had been dispersed throughout the area
as a result of explosions in the disposal pits/trenches. A subsequent cleanup operation in 1953
involved soaking the field with fuel oil and allowing it to burn for several days.

New O-Field. The disposal pits at New O-Field were excavated in late 1950 as part of the
cleanup efforts at Old O-Field (USGS 1989). The pits were about 20 feet wide and ranged in length
from about 40 to 150 feet. The depth of the pits is not known but is probably similar to the pits at Oid
O-Field.

Although the records are incomplete, the wastes disposed at New O-Field were supposed to be
burned daily. In later years, new pits were excavated roughly perpendicular to the original pits. These
new pits were used as burn areas for wastes and are presently uncovered.

Some of the wastes believed to have been disposed at New O-Field are mustard, VX, white

phosphorus, explosives, research lab wastes, acids, and veterinary wastes. No other records on
waste disposal are available.

5.2 SELECTION OF CHEMICALS OF POTENTIAL CONCERN

In this section, environmental monitoring data collected by USGS (1988, 1989) at O-Field are briefly
summarized, and chemicals of potential concern are identified. Sampling data are available for
subsurtace soil, groundwater, surface water, and sediment. The discussions are organized below by
these environmental media.

5.2.1 SUBSURFACE SOIL

USGS collected subsurface soil samples from four locations at Old O-Field (OF6, OF 12, OF 14, OF 17)
and from one location at New O-Field (OF16). Sample depths ranged between 7 and 85 feet.
Chemical analyses were limited to arsenic, iron, manganese, and antimony. The rationale for
choosing this limited list of analytes was not provided in the available documentation. The results of
these analyses are summarized in Table 5-2.
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TABLE 5-2
SUMMARY OF CHEMICALS DETECTED IN SUBSURFACE SOIL AT O-FIELD

(Concentrations repor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>